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Over the years, technological developments have been analyzed in depth to study 
and understand the behavior of the human nervous system. Encephalographic 
systems have been developed in order to study the electrical pulses that are 
generated through nerve transmitters and to analyze the electrical information that 
is generated by them. Although extensive progress has been made in the capture 
and sampling systems for this type of signal, these systems are very complex and 
invasive, apart from being very expensive and requiring extensive time frames and 
controls to be able to correctly process the acquired signals.  
 
This project presents the development of an encephalographic signal capture 
system based on the design of analog-digital circuits and digital sampling systems 
for checkerboard visual evoked potentials.  
 
By using dry electrodes placed at key capture points, the capture of 
encephalographic signals is performed to be amplified and filtered by means of 
analog operational amplifiers, which by means of electrical designs were used as 
electrical processing systems, eliminating the presence of external signals known 
as noise. Once the specific signals are obtained, a digital capture and processing 
process is carried out through data acquisition cards and digital processing 
software that allowed the sampling of the captured signals, converting the analog 
signals into digital signals, so that the behavior of each type of signal can be 
processed and analyzed in a more simplified and controlled way.  
 
Through the processing of the waves, four standard waves known as Beta, Alpha, 
Theta and Delta were exalted. These working at their own frequencies and 
allowing the analysis of the pulses generated from various stimuli. For the project 
worked, a system of visual evokes based on a chessboard was proposed, that 
presents variations in position and frequency to stimulate the pulses generated by 
the nervous system.  
 
With the processing and storage of the data recorded during the visual stimulation 
tests, an optimal wave analysis system was obtained, with the ability to closely 
record complex systems with an average difference of 0.14469253 in amplitude for 
standardized signals, showing a very acceptable behavior for a low cost capture 
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Electrical signal reading devices have been developed in different technological 
and industrial areas for the ability to give information by reading and translating 
electrical information in human-readable terms. Different reading and diagnostic 
equipment based on the electrical signal reading systems have been implemented 
in health systems, providing information about the human body. 
 
The most complex reading systems are those that work through the interpretation 
of very low signals, in electrical terms they are those that handle ranges of 
microvolts and millivolts. Many of these systems in the health area are used in the 
reading of internal signals from the body such as electrocardiographic signals, 
electroencephalographic and electromyography signals, which are generated by 
the stimuli and signals transmitted by the nervous system throughout the body. 
 
The electrical signal reading systems are widely used for testing, diagnosing and 
stopping diseases for different cases. Through the analysis of signals and waves, 
these systems can give information about the internal functioning of the people 
treated, identifying ranges, variations and anomalies that can occur in the electrical 
information acquired from people, and that would indicate a malfunction of the 
internal systems. 
 
Diagnostics based on the reading of encephalographic signals are among the most 
complex due to the large amount of information that this transmitted, in addition to 
being the most complicated to capture due to the different layers of bone, muscle 
and skin that protect the brain, which is the area of interest. Many systems have 
developed techniques that facilitate access and reading of the electrical signals 
provided by the brain, but many of these are based on invasive systems that affect 
the comfort of patients, either physically or psychologically. 
 
Many of the encephalographic signal reading systems are complex systems, 
composed of various components that allow the reading of the signals of interest. 
Due to the fact that the information handled is made up of various ranges of 
signals, in addition to the interference of external signals such as heart palpitation, 
electrical/digital components must be used to reduce or eliminate external signals 
in the reading information. Signal cleaning systems are known as filters, these 
allow the passage of signal waves between different frequency ranges so that 
these attenuate the signals and transmit the information in the control ranges with 
which these have been designed. 
 
Signal processing is a complex process based on the digitization of analog signals, 
to be taken to reading and sampling systems that allow the captured information to 
be observed. The data acquisition systems allow obtaining, storing and transmitting 
the information captured by analog sensors; The analog-digital conversion is based 
on the Fourier formula, which allows analog signals to be brought to discrete data 
that can be handled by digital systems. To achieve the sampling of 





transmit the signals to digital systems, in which all the acquired information can be 
read and interpreted. 
 
With the use of data reading and visualization systems, different techniques have 
emerged to carry out diagnostic tests that allow determining anomalies or failures 
of the human body. Through the acquisition, reading and sampling of 
encephalographic signals, operating ranges have been given for the different 
signals generated; The presence of reading variations compared to standardized 
values can mean a Neuropsiquiatric diseases.  
 
Because there are different types of neuropsychiatric diseases, various analysis 
and testing techniques have been developed, which seek to stimulate and analyze 
the response of users to these stimuli. Many of these tests are based on visual or 
auditory stimulation techniques, in addition to other techniques that measure the 
speed and range of response to different problems. These techniques tests are 
used in the areas of psychology and psychiatry to help diagnose the range and 
type of neuropsychiatric diseases that may be present in the person. 
 
In this project the development of a sampling system of encephalographic signals 
stimulated by visual evoked potentials is disclosed. Through the design and 
construction of an analog sensor, the reading, amplification and filtering of 
encephalographic signals captured by dry electrodes is proposed. These signals 
are processed and taken to digital values to be sampled and analyzed by statistical 
techniques that allow the signal variations to be recognized and standardized 
against stimuli of visual evoked potentials presented at different frequencies. This 
system is proposed as a support system for the interpretation of data that may 
indicate neurodegenerative diseases with which psychologists and psychiatrists 














2. PROBLEM STATEMENT 
Neurodegenerative diseases are very common in the world population, in these, 
there are different symptoms depending on the type of existing neuronal condition. 
In many cases, the root causes of the diseases are unknown, which leads to an 
increase in this type of illnesses when a correct diagnosis is not made, affecting 
the quality of life of the people who suffer from it and those around them by, in 
many cases, the necessity for support staff to perform daily tasks. On different 
occasions, severe pain can occur due to the disorders, the medications to treat 
them are very expensive, resulting in not all people suffering from these diseases 
having sufficient acquisition capacity for them. Around the world there are more 
than 100 such diseases, 30 million people in the world suffer from Alzheimer's 
disease, others such as Parkinson's, senile dementia and amyotrophic lateral 
sclerosis are common neurodegenerative diseases. [66]. 
 
Furthermore the study of brain functioning has many procedures used to obtain the 
result of clinical evaluations, the techniques for this analysis can be: image-based 
techniques such as: positron emission tomography, magnetic resonance imaging, 
techniques as in study of bioelectrical signals such as magnetoencephalography 
and EEG, in this technique are found evoked potentials (EP) [35], The EP are tools 
to know and study the information processing of the nervous system, the 
information resulting from time variations in scale of milliseconds, This non-
invasive technique shows the doctor an overview of the functioning of the brain 
with a specific sensory pathway depending on the stimulus. [66], the classification 
of PE depends on the type of stimulus such as: VEP, AEP and SSEP. 
 
In Colombia according to the magazine the universal based on figures from the 
Danish public an article on May 23, 2019, this article makes reference that for 
every 100 people under 15, there are 40 people over 60, Colombia is getting older 
fast projections dictated, hearing and vision are two of the senses that are most 
quickly affected by age having consequences negative in people's quality of life, 
this document focuses on vision and non-invasive method to determine changes in 
the nervous system of the person through visual stimuli.[75] 
 
Visual evoked potentials (VEP) are evoked potentials (EP) caused by visual stimuli 
that allow analyzing the behavior of brain electrical activity. The responses to visual 
stimuli are determined by a different sensory organ that is used in the diagnosis of 
certain neurodegenerative diseases, this allows identifying lesions neurological in 
almost any area of the nervous system. VEP is especially useful in patients who 
cannot express whether they are able to notice external stimuli for different 
reasons. [68]. 
 
Visual stimuli in VEP´s are used to focus the analysis at present changes of 
primary visual cortex in the occipital lobe. Relevant information providing by Visual 
stimuli is used to determine possible abnormalities [50]. Diagnostic methods of 
VEPs more used are the Flash method (currently this method is no longer widely 





a screen, which is presented at different frequencies, widths of boxes and intensity 
of colors. [40] 
 
VEP´s instrumentation uses different electrodes or sensors to be managed and 
placed in strategic parts of the patient's body to receipt and transmit impulses or 
bioelectric signals generated. Patients that are put in the test must-see in a screen 
the center point showing a chessboard. The screen shows black and white squares 
alternately change position to generated visual stimuli. This test requires the 
collaboration of the patient, to people with difficulty of concentration or repetition of 
tasks (case of children under 7 years), is used variations of light intensity produced 
by a flash. Signal processing and algorithms permit to determine the electrical 
brain activity to give a possible diagnosis. [51] 
 
The human body presents different types of signals that can interfere in signal 
capture. VEP´s techniques use different strategies to reduce noise, the locate of 
electrodes or sensors is usually sought at a strategic point that allows the better 
captured of signals, filters that compare an original noise sample with the newly 
acquired signal are also used to eliminate the signals that cause interference and 
leaving only signals that interest in diagnosis. [56] 
 
VEP's more important advantage is to be a non-invasive neurodegenerative 
pathological diagnostic test, the test is painless and rarely generates side effects in 
people, it is a quick and simple method to perform. (Mart.) [51] 
 
VEP's common signal capture problems are the presence of noise generated by 
the human body and external signals. The human body generates a wide variety of 
electrical signals that move throughout the nervous system. All external signals to 
those involved in diagnoses of signal capture must be eliminated using analog or 
digital filters that are better adapted to the types of signals. [55] 
 
The operation of the equipment must be realized by a trained operator who has the 
facility to calibrate and tune the signal capture equipment to eliminate all external 
and internal noise from the desired signals. The calibration and location of the 
electrodes is key to an optimal analysis, but this process is long and complex, and 
only one error can affect diagnostic signals. [67] 
 
These types of equipment have a high price despite their use (Dantec ™ 
Keypoint® Focus $ 75,000 USD). The need to import them for lack of national 
manufacturing results in increased costs and time. 
 
From the above, a question is generated that permit frame and direct the 
researcher. 
 
How to manufacture a prototype of visual evoked potential equipment in our 
country focus on noise reduction to easiness his used and to reduce costs and 








3.1 GENERAL OBJETIVE 
 
Develop a prototype to noise reduction sensor for evoked visual potentials at 
low cost. 
 
3.2  SPECÍFIC OBJETIVES 
 
• Develop a prototype to VEP's noise reduction sensor from analog  
and / or digital filters  
 
• Implement at CHECKERBOARD test in JAVA apply an imageJ plugin. 
 
• Analyze wave's brain signals acquired from sensor prototype by statistical 
analysis. 
 


























4. CONCEPTUAL FRAMEWORK 
 











The brain is biologically the most important organ of the human being, Over the 
years, scientists have investigated the different functions developed by this body 
[13], investigators discovered that this the commission of all the vital functions of 
the human being, executive functions as: self-control, reasoning, Abstract thinking 
and be the organ where the conscience and the mind of the people reside [61]. 
 
In recent years has been rambling about the evolution of this body carrying studies 
and theories as: number of neurons, transmitter connections, structure,  and the 
size depending on the species, the size of the brain is closely related to the body 
size of people, It is also stated that the brain has about 80 billion neurons [65] [77],  
another one of the main theories of the brain is the one proposed by MacLean 
developed in 1952, it was originally named as the theory of the evolution of the 





regions, see figure 2, the regions are: reptilian or primitive brain, it is charge of the 
instincts, feeding, survival, defense, reproduction processes among others, another 
region is the limbic brain whose function is to control the nervous system, in this 
are the emotions, the memory, the learning. and finally, the neocortex brain in 




Figure 2. Brain regions. [51] 
 
 
The curiosity to investigate about the brain has generated the creation of new 
sciences that seek to find and define the behavior of the same thanks to different 
technologies such as scanners that help identify how this organ works and how it 
works [44] these disciplines are called brain sciences, neuroscience is one of the 




Neuroscience tries explain how behavior occurs  the neurons found in the brain, 
trying to understand the behavior of people, that is, how they learn, how 
information is stored, how they are biological processes, how is it shared memory, 
and how it reacts to different stimuli,  also it seeks to determine the structure and 
how the brain has evolved and find alternatives to prevent and cure neurobiological 
diseases [51], research is still underway to determine the behavior of the brain [41], 
nevertheless, it is very complex because each person behaves in a different way in 
such a way that complicates the results of these investigations, the most important 
technologies that gave way to the development of neuroscience are the 
neuroimaging techniques, neuroimaging is divided into two groups, the first group 
is called structural, which consists of taking computerized images, the best known 
are computed tomography (CT), magnetic resonance imaging (MRI) and the 
second group called functional, which consists in making direct measurements of 
neural activity, among which electroencephalography (EEG) and encephalographic 






The main theories of neuroscience are those focused on learning which consist of 
postulates that describe the way people learn new ideas, new concepts, this theory 
is subdivided into two fundamental groups [31]:  
 
4.2.1. Behavior theory. The main contributors to the development of this theory is 
Pavlov, Watson, Thorndike and Skinner, this theory is based on analyzing the 
behavior of people when learning new knowledge based on stimuli received from 
the environment [78], Watson was the first psychologist to conduct behavioral 
experiments on animals and Pavlov and Thorndike did studies on people to 
determine how was the reaction to these stimuli, in this theory the mind is seen as 
a black box in which responses are obtained from a stimulus ignoring the 
possibility that some process may occur in the mind, this behavioral theory is one 
of the main theories of human learning, this theory presents learning as if it were a 
mechanical, inhuman and reductionist process generating uncertainty. [26] 
 
4.2.2. Cognitive theory. This theory is based on studying the way in which 
knowledge is generated, it determines that one of the main factors to create 
knowledge is experience. nevertheless, this theory depends mainly on the subject 
who is able to build knowledge based on experiences of the outside world, some 
authors like said that cognitive theory "is a process of maturation in which from the 
first stimuli we are maturing the nervous system and we are organizing our map” 
[7] Learning is acquired with psychic and physical maturation. " Another author is 
Ausunbel, who defines it as "meaningful learning is going to happen when 
something really interests us, draws our attention or leaves its mark on us.” and 
Vygotsky defines it as "we learn individually, by the interaction of the environment 
and the environment in which we live, always in a group, by imitation, social 
internalization, and interaction with the group" [82].  
 
Another of the main theories that have been developed from neuroscience 
 
4.2.3. Fields theory. Proposed by the American psychologist Kurt Lewin in the 
year 1935, Kurt determined that the behavior of people is determined from a 
balance between the subject and the environment or external environment in order 
to eliminate possible tensions by generating new knowledge [23]. 
 
Among the different fields of action of neuroscience are those who seek answers to 
questions such as, ¿How the brain is structured? ¿ How the memory of the people 
resides? ¿What determines the behavior of each person? Another one of the main 
fields is the one that studies the diseases, neurobiological pathologies and mental 
illnesses, for the study that is tried to develop only the neuropsychiatric alterations 










4.3 NEUROPSIQUIATRIC DISEASES 
 
Neuropsychiatric diseases are alterations that are characterized by having different 
behaviors from the norms established by the community, the main symptoms are:  
disturbance of thought, mood changes, different behaviors in short periods of time 
these manifestations can be presented physically, emotional, cognitive, perceptual 
and / or behavioral [31].  
 
Countries where the highest rate of neuropsychiatric diseases are found: Iceland, 
Finland, France, Israel, Chile, Malta, Luxembourg, Mexico, Norway, Switzerland or 
the United States, and it is estimated that by 2020 the burden of these alterations 
will be 24%, Table 1 shows the percentage of some percentages of countries that 







Colombia 21.7  
Chile 30.5 
U. S 29.6 
France 29.7 
Switzerland 31.2 
Canada 32.4  
Table 1.  Percentage of neuropsychiatric diseases in the world. 
 
Figure three shows the population levels worldwide with the highest rates of 




Figure 3. Percentage of neuropsychiatric diseases for Colombia. [15] 
 
Neuropsychiatric disorders have a high impact on the quality of life of people who 





diseases, these disorders can occur both in men and women and in different 
stages and ages of people [35]. 
 
4.4 NEURODEGENERATIVE DISEASES  
 
Neurodegenerative diseases affect the world population, this disease generates 
low quality of life due to the circumstances in which a person with this disease 
lives, such as: strong and intense pain, problems remembering things and other 
factors such as economic, this is of great importance since the treatments of these 
neurodegenerative diseases are high and in some occasions the EPS do not 
respond. [53]. 
 
4.4.1. Dementias. Dementia is a clinical syndrome characterized by a deficit 
acquired in more than one cognitive domain, which represents a loss with respect 
to at the previous level and that significantly reduces functional autonomy. 
Dementia often involves behavioral and psychological symptoms that produce 
important limitations in activity and restrictions on participation. 
 
Degenerative dementias are diseases characterized by neuronal and synaptic loss 
and the cerebral deposition of intra and / or extracellular insoluble protein 
aggregates. 
 
Most degenerative dementias are diseases that appear in more advanced ages, 
from the age of 65, and are sporadic, although in almost all of them there are 
hereditary forms and early start forms. They start insidiously, to follow a course 
progressive and irreversible. [83] 
 
Mild dementia: the patient has difficulty in developing their work or profession but 
does not need help for daily household activities. The scan finds a loss of recall 
memory for recent events and changes in the denomination begin to appear [83] 
 
The patient has difficulty developing some domestic activities, cognitive impairment 
is evident, the evocation memory loss is intense and there are slight alterations in 
some of these areas: language, visuospatial function, praxia, gnosia, abstract 
thinking and executive function [83] 
 
the patient needs help for most or all the daily activities. Cognitive alteration is 
manifest in all fields. [83] 
 
4.4.2. Alzheimer Disease. Alzheimer's disease is the most common form of 
dementia among the elderly. Dementia is a brain disorder that severely affects a 
person's ability to carry out their daily activities. 
 
Alzheimer's begins slowly. It first affects the parts of the brain that control thinking, 
memory and language. People with evil may have difficulty remembering things 
that happened recently or the names of people they know. A related problem, mild 





people of the same age. Many, but not all people with mild cognitive impairment, 
will develop Alzheimer's. [11] 
 
Over time, Alzheimer's symptoms get worse. People may not recognize their 
relatives. They may have difficulty speaking, reading or writing. They can forget 
how to brush their teeth or comb their hair. Later, they can become anxious or 
aggressive or wander away from home. Finally, they need total care. This can be 
very stressful for family members who must take care of their care. 
 
Alzheimer's usually begins after age 60. The risk increases as the person ages. 
The risk is greater if there are people in the family who had the disease. 
 
No treatment can stop the disease. However, some drugs can help prevent 
symptoms from getting worse for a limited time. [11]  
 
Alzheimer's Symptoms. Signs that indicate Alzheimer's disease may include: 
 
• Personality changes 
• Impaired movement or walking ability 
• Difficulty communicating 
• Low energy level 
• Memory loss 
• Mood changes 
• Attention and orientation issues 
• Inability to solve simple arithmetic operations [62] 
 
4.4.3. Parkinson’s disease. Parkinson's disease is a progressive disease of the 
nervous system that affects movement. symptoms begin gradually. sometimes, it 
begins with a barely noticeable tremor in one hand. tremors are common, although 
the disease also usually causes stiffness or decreased movement. 
 
In the initial stages of Parkinson's disease, the face may have a slight or no 
expression. Your arms may not swing when you walk. Speech can become soft or 
incomprehensible. The symptoms of Parkinson's disease get worse as it 
progresses over time. 
 
Although Parkinson's disease has no cure, the medications could significantly 
improve symptoms. Occasionally, the doctor may suggest surgery to regulate 
certain areas of the brain and improve symptoms. [19] 
 
4.4.3.1. Parkinson’s symptoms. The signs and symptoms of Parkinson's disease 
may be different for each person. The first signs may be mild and go unnoticed. 
Often, the symptoms begin on one side of the body and usually continue to get 






• Tremors: A tremor, or shaking, usually begins in a limb, often in the hand or 
fingers. You can rub your thumb and forefinger back and forth, which is 
known as a pill bearing tremor. Your hand may shake when it is at rest. 
• Slow movement (bradykinesia): Over time, Parkinson's disease can slow 
your movement, making simple tasks difficult and take longer. Your steps 
may be shorter when you walk. It can be difficult to get up from the chair. 
You may drag your feet while trying to walk. 
• Muscle stiffness: Muscle stiffness can occur anywhere in the body. Rigid 
muscles can be painful and limit your possibility of movement. 
• Impaired posture and balance: The posture may become hunched over or 
you may have balance problems as a result of Parkinson's disease. 
• Loss of automatic movements: You may have a reduced ability to perform 
unconscious movements, such as blinking, smiling or swinging your arms 
when you walk. 
• Changes in speech: You can speak softly, quickly, insult or doubt before 
speaking. Your speech may be more monotonous due to the lack of the 
usual inflections. 
• Changes in writing: It may be more difficult for you to write and your letter 
may seem small. [19] 
 
4.5 EVOKED POTENTIALS  
 
the evoked potentials (EP) are diagnostic techniques that help explore, the nerve 
pathways that lead the different organs to the brain, the way to perform the EP 
tests depends on the type of stimulus performed, evoked potentials use electrodes 
for registration which are placed in the scalp, the location of the electrodes 
depends mainly on the type of exam and analysis required. 
 
Exist three types of evoked potentials:  
 
• Sensory: neurophysiological response to sensory stimulation. 
• Engines: nervous system response of various muscles. 
• Reflexes: motor response to sensory stimulation. 
 
In relating to the stimulated sensory organ:  
 
• Auditory Evoked Potentials (AEP). 
• Somatosensory evoked potentials (SEP) 
• Motor evoked potentials (MEP) 
• Visual evoked potentials (VEP) 
 
This document focuses on visual evoked potentials. [39] 
 
4.5.1. Visual evoked potentials. The visual pathway is a set that represents the 
most complex sensory system quantitative and qualitative, the retina allows to 





structure. the VEP to help identify the general shape of the brain, the VEP test 
helps to register the cortical part of the brain. 
 
VEP identify five important synapses such as: three are from the retina and two 
from the brain. 
  
The most important factors of VEP are: the quality of light the area of the retina that 
is stimulated, type of figure, chromaticity, contrast, position, frequency of the 
stimulus. [48] 
 
Visual evoked potentials are stimulated by two ways such as: intermittent light and 
the reversible pattern, through a television screen that shows a chess board. In 
general, the response to the stimulus with the reversible pattern is more sensitive 
to minimal changes in vision, than intermittent light, which is most useful in visual 
behavior. 
 
Different articles describe that the visual responses evoked are very difficult to 
acquire because the scalp interferes with the measurement, and different factors 
such as: hair, network frequency, humidity, signal of   
heart. 
 
other factor important for measure depend on electrode type used because these 
captures biological activity, such as brain waves or muscle potentials for this 
reason is necessary use different electrodes with aim that acquired best measure  
without interference. [72]. 
 
4.5.1.1. checkerboard testing VEP. in potentials evoked visual exist a test with the 
name checkerboard that    help to identify the different brain waves, these waves 
serve for diagnostic the neurodegenerative disease. in this case the doctor can 
analyze the result and help to patient for diagnostic. 
 
The idea of checkerboard is show un board that change the color between black 
and white in a determine time. The objective is to can determine changes in the 
















Figure 4. Checkerboard Interface test. [72] 
4.6. ELECTRODES 
The electrodes in medicine are devices or sensors for measure signals how: health 
signal, brain signal, electric activity of body in others. 
 
In the actuality exists different types depend on the signal or application [51]. 
 
4.6.1. Surface electrode. The surface electrodes are placed in contact with the 
patient's skin. The diameter of these electrodes is 0.3 cm to 0.5 cm. 
 
The main problems are: the patient's skin has a problem or disease, there is an 
increase in impedance. 
 
4.6.1.1. Suction electrode. The suction electrodes are electroencephalography 
sensors. These electrodes do not need tapes or adhesives. [25] 
 







4.6.1.2. Floating electrodes. Floating electrodes have an electrolytic paste, this 
paste is found in the electrode cavity. Direct contact of the sensor with the skin is 
not necessary on these electrodes. [25] 
 
 
Figure 6. Floating electrodes. [3] 
 
4.6.1.3. Flexible electrodes. Flexible electrodes are adaptable to the body surface. 
These electrodes have better contact with skin surfaces. The flexible electrodes 




Figure 7. Flexible electrodes. [3] 
 
4.6.1.4. Dry electrodes. Dry electrodes are used in encephalography, these 










4.6.1.5. Internal electrodes. These electrodes are inserted into the human body; 




Figure 9. Internal electrodes. [3] 
 
4.6.1.6. micro electrodes. Micro electrodes are used to measure the potential that 
is generated between the outer and inner parts of the cell membrane. the unit of 





Figure 10. Micro electrodes. [3] 
 
4.7. OSCILLOSCOPE. 
in electronics the oscilloscope is a measuring instrument used to calculate different 
measurements.  In this device the amplitude is represented on the vertical axis and 
on the horizontal axis the time, oscilloscopes can be analog or digital, digital 
oscilloscopes are used more today. 
 
Digital oscilloscopes are made up of an LCD screen. Digital oscilloscopes have the 
facility to transfer measurements to a computer. in these oscilloscopes the signal is 
digitized by an analog / digital converter. In the oscilloscope it is possible to 









































5. THEORETICAL FRAMEWORK 
The research focused on the theory applied to the use of analog filters and digital 
filters for signal capture. This was implemented to read encephalographic signals 
classified according to the type of signal and were used to study visual evoked 
potentials. 
 
5.1  ANALOG FILTERS: 
 
An analog filter is called to manage and be focus on the handling of signals that 
are not discretized and unused of algorithms. The filter is made up directly of 
elements such as resistors, coils, capacitors, and operational amplifiers, which are 
ultimately the ones that perform the filtering. 
 
The operation of an analog filter is based on the "Jean-Baptiste Joseph Fourier" 
formula, which is based on the distribution of heat in a solid body, from which a 
series of formulas known as "Fourier Series" follows. The equations are described 
as the calculation of a signal in time defined as the sum of a DC level, and several 
sine, and cosine signals, of different magnitude and phase, thanks to this a signal 
in time can also be represented in frequency [84]. 
 
The Fourier series associated with F (t) which is a function of real variable integral 












Applying the Fourier series in the use of filters, the deformation of an input signal is 
obtained. A filter used for sources where the capacitor is placed after the diode 
bridge, affects the input sine voltage signal, causing the DC level to be at the 
output, doing so damages the power factor. Applying filters on audio signals is 
different since what the looking for with filters is to always eliminate noise, cleaning 





There are four basic types of filters, the high pass filter, the low pass filter, the band 
pass filter, and the band reject filter. Each with its specific function [84].  
 
• The high-pass filter only allows high frequencies to pass from the cutoff 
frequency.  
• The low-pass filter lets low frequencies pass before the cut-off frequency.  
• The band-pass filter only allows some frequencies that are found between 
the cutoff frequencies, eliminates all the others.  
• The band-rejects filter lets all the frequencies pass and eliminates those that 
are between the cutoff frequencies. 
 
In an ideal filter, the unnecessary frequencies would be totally eliminated before or 
after the cutoff frequency according to the filter used, but in reality this is not the 
case, these are attenuated, depending on the order of the filter, and its 
configuration. 
 
5.1.1 High-pass filter. The main characteristic of high-pass filters is  to  attenuate  
the signal at low-frequency values. Some high-pass filters also lead to phase 
overtaking and signal shunt. A high-pass filter allows all frequencies above its 
cutoff frequency to pass through without attenuation. Frequencies below the cut-off 
point will be attenuated. As the frequency below the cut-off point decreases, this 
attenuation, defined in dB per octave, increases. Standard high-pass filters follow 
increments of 6 dB per octave, so filters of 6 DB, 12 DB, 18 DB, and 24 DB per 
octave are common [84]. 
 








where  is the value of the resistance of the resistor and  of the capacitor of the 
capacitor. 
 
The most common applications for high-pass filters are to remove or at least 
reduce unwanted information in the signal spectrum below 40 hertz to 70 hertz. In 
audio applications are removed the sub-audio signal like stage rumble (5 hertz to 










5.1.2 Low-pass filter. The  Low-pass  filters  are  those  that  introduce  very  little 
attenuation at frequencies that are less than a cutoff frequency. Frequencies that 
are higher than the cutoff are strongly attenuated [84]. 
 




Where  is the filter gain. 
 
where  is the value of the resistance of the resistor and  of the capacitor of the 
capacitor. 
 
The low pass filter basic is a series RC circuit in which the output is the voltage 
drop across the resistor. The operation of these circuits based in the capacitor 
where this will present a great opposition to the passage of currents due to low 
frequencies and as it forms a voltage divider with the resistance, almost all the 
input voltage will appear on it. For high frequencies, the capacitor will present little 
opposition to the passage of the current and the resistance will remain almost the 
total of the input voltage, with very little voltage appearing at the ends of the 
capacitor. 
 
5.1.3 Band-pass filter. The band-pass filter allows  a  range of  frequencies  of  a  
signal to pass through and attenuates the passage of the others: there handling 
two cutoff frequencies ( ), one lower and one higher. The filter only 
greatly attenuates signals whose frequency is less than the lower cutoff frequency 
or those of frequency higher than the upper cutoff frequency, these only allow the 
passage of a range or frequency band without attenuation [84]. 
 




Where  is greater than . 
Where  is the filter gain. 








In a band-pass filter the center frequency is the geometric mean of the cutoff 
frequencies. The cutoff frequencies correspond to the gain k over the root of two. A 
high quality factor Q indicates that the filter becomes more selective, but does not 
imply that the filter is more like an ideal filter. The only way to take the form of an 
ideal band-pass filter is to work with higher order filters. 
 
5.1.4 Band-Rejects filter. The Band-Rejects filter or Notch  filter  eliminates at  its  
output all signals that have a frequency between a lower cutoff frequency and a 
higher cutoff frequency. Therefore, these filters eliminate an entire band of 
frequencies from those introduced as input [84]. 
 
The common form of implementation consists of two filters, one low pass whose 
cutoff frequency is the lowest of the filter eliminates band and another high pass 
whose cutoff frequency is the highest of the filter eliminates band. Since both are 
linear and invariant systems, the frequency response of a band-cut filter can be 
obtained as the sum of the low-pass response and the high-pass response. 
 











The values of  are choose by the designer. The magnitude of this filter in  is 
zero, and when the frequency is zero or infinity it is equal to gain . Likewise, the 
magnitude at the cutoff frequencies of gain  over the root of two (0.7071 ). The 
design equations are the same for both the filter rejects non-inverter band and the 
filter rejects inverter band. 
 
5.2  DIGITAL FILTERS 
 
A digital filter is a filter that operates on digital signals. It is a mathematical 
operation that takes a sequence of numbers (the input signal) and modifies it 





attenuate certain characteristics. Depending on the variations of the input signals in 
time and amplitude, a mathematical processing is carried out on signal. Through 
the use of the Fast Fourier Transform the variations are make and obtained in the 
output the result of the mathematical processing or the output signal. The easiest 
way to implement a filter is to convolve the input signal with the impulse response 
of the filter [85]. 
 
There are two types of digital filters implemented in the time domain: 
 
• FIR Filters (Finite Impulse Response) 
• IIR Filters (Infinite Impulse Response) 
 
5.2.1 FIR filter. FIR filter is a type of digital  filter  whose  response to  an  Impulse  
signal as input will have a finite number of non-zero terms. these are implemented 
with convolution and perform weighted multiplication sums between the signal and 
the feedback [85].  
 




Where  is the filter order and H is the response in impulses 
 
FIR filters have the great advantage that can be designed to be a linear phase, 
which means that these have certain properties in the symmetry of the coefficients 
as well as being always stable, the disadvantage is the need to have a higher order 
than the IIR filters to fulfill the same characteristics, this meaning a higher 
computational expense. 
 
5.2.2 IIR filter. IIR filters are a type  of  digital  filters  in  which  if  the  input  is  an  
impulse signal, the output will have an infinite number of non-zero terms, which is 
understood as a signal that never returns to rest. This type of filter presents an 
impulse response that decays infinitely in amplitude [85]. 
 




where  and  are the filter definition coefficients and therefore with which the 
design is carried out. 
 
This type of filters has poles and zeros that determine the stability and causality of 





meaning that it is a minimal phase and the system is stable and causal. If all zeros 
are on the outside it is maximum phase. If any pole is outside the unit 
circumference, the system is unstable. 
 
5.3  DIGITAL SAMPLING 
 
Sampling is defined as the number of times the signal value is measured in a 
period of time, the number of times a signal must be measured in order not to lose 
information, it must be at least double the maximum frequency that reaches signal. 
Digital sampling is one of the parts of the signal digitization process. It consists of 
taking samples of an analog signal at a constant frequency or sampling rate, to 
quantify them later. 
 
To carry out digital sampling it is necessary to carry out an analog-digital 
conversion (CAD), this consists of transcribing analog signals into digital signals, in 
order to facilitate their processing (encoding, compression, etc.) and make the 
signal resulting (digital) more immune to noise and other interferences to which 
analog signals are more sensitive [86]. 
 
The digital signal is translated as the sum of impulses where: 
 




Where  is the scale factor (Amplitude)  
 
Finally, the sampling wave establishes that it is made up of impulse trains of non-
zero duration. Practical rebuild filters are not ideal. The signals to which the 
sampling theorem is applied (twice the sampling frequency) are not strictly band-
















6. STATE OF THE ART 
For the documentation of this project, searches were made for scientific articles 
focused on neuroscience, giving priority to those that indicate procedures for 
reading and analyzing neural signals. The search margin focused on the last ten 
years (2010-2020), in order to give truthfulness and verifiability to the work done. 
 
The development of neuroscience has been critical in the evolution of humanity; 
The study of the behavior of the brain has been one of the most popular topics that 
research carried out in the last decades has had, for which reason various 
researches and articles have been developed in different areas of interest [82]. The 
application of neuroscience in the 21st century generates different challenges 
regarding training methods for the different entities that apply and promote it. As a 
constantly evolving science, neuroscience is constantly updating conceptual 
approaches, scientific tools, and clinical applications [5].  
 
Within the different branches of neuroscience, those that focus on clinical studies 
have been some of the ones that have presented the most development, together 
with other branches that strengthen detection processes and psych-clinical 
interventions. The processes that focus on cognitive behavioral therapy studies 
present different application points that allow interdisciplinary management of the 
different aspects that may arise in therapies and disciplinary processes [De 
Raedt20]. Neuroscience has shown that it can be applied in the detection, analysis 
and diagnosis of neuronal disorders, in addition to serving as support for 
psychiatric and psychological treatments as a support and complement tool [25].  
 
In clinical aspects, studies of mental disorders are always handing with 
neuroscience analysis, identifying and analyzing the areas that are affected due to 
the generation of mental disorders. Throughout history, different reasons have 
been speculated for the generation of these disorders, seeking to identify the 
causes and possible treatments that allow reducing or eliminating disorders that 
affect different people [24].  
 
Due to the large number of studies that have focused on the analysis of neuronal 
diseases, many of these have been shown to be due to genetic abnormalities, 
which affect the brain's work areas in various ways. In antiquity, diagnoses were 
presented in a subjective way, which generated failures in the detection of 
neuronal failure; Thanks to the implementation of technological equipment, the 
study and diagnosis of the type of disease present has been facilitated [23].  
 
In conjunction with psychoanalysis, neuroscience gives a new understanding of 
concepts such as the embodiment of the mind, consciousness and attachment; It 
also allows improving treatments and giving rise to new experimental 
neuroscientific paradigms that involve changes in research and objectives, 






Neuronal diseases as a study area of neuroscience have always been a central 
point of development [63], seeking to identify and generate behavioral models that 
indicate and allow the different types of disorders to be classified [8]. The different 
studies that have been carried out in different countries over the years have made 
it possible to identify and classify the different types of disorders that exist, but 
likewise, a growth in the types of disorders and the number of people affected has 
been identified [73].  
 
Genetic studies have made possible to classify in a more adequate way the 
neuropsychiatric disorders that are currently present, and that on many occasions 
have been misdiagnosed due to deficiencies in existing theory. New methods of 
genetic diagnosis together with the application of neuroscience have given rise to 
new, more accurate and consistent classification and diagnostic methods [57]. As 
one of the most common disorders, Autism Spectrum Disorder is one of those that 
affects a larger population. This has been shown to be a neurologically based 
disorder that can be treated by behavioral interventions in which neuroscience is of 
great importance as a method of measurement and diagnosis, generating 
information that allows understanding the degree of involvement and the type of 
procedure to follow [68]. 
 
Another disorder that greatly affects people is Alzheimer's; Through neuroscience 
application processes, research focused on treatment for this type of disorder has 
been carried out, seeking to identify the reasons why it is generated and possible 
solutions or treatment that can reduce or eliminate this disorder [46]. An early 
diagnosis of Alzheimer's would allow reducing the negative effects that this 
neurodegenerative disease produces, but due to the different diagnostic methods, 
it is not recognized until it is at an advanced stage. In response to this problem, 
early diagnosis processes have emerged as a possible solution, giving early 
knowledge of the presence of the disorder and possible treatment [65]. 
 
The use of neuroscience in the obsessive-compulsive disorder has allowed 
studying the areas that are affected when faced with the stimuli that cause the 
obsession, in the same way identifying the processes that generate reactions on 
stimuli and the person's actions. involved. These studies have opened a new field 
in the treatment of addictions and in trauma detection [70]. Some types of 
addictions have been treated as neuronal disorders. Through neuroscience seek to 
identify the levels of addiction in which people are, and if these have been 
generated by health deficiencies or mental disorders [37]. 
 
Brain mapping processes have facilitated the characterization and classification of 
the areas affected by neural disorders, making it easier to understand how these 
affect various areas and to generate a classification of the type of disorder and the 
type of involvement it can generate [7]. Through different techniques such as 
neuroimaging processes, brain mapping has been possible, identifying through 
stimulation processes and magnetic resonance samples the different areas that 
are activated according to the type of stimulus, generating correlations between 





theoretical neuroscience, the application of neuroimaging processes allows a more 
complex understanding of network connectivity with the dynamics of neural activity, 
giving a better understanding of the structures and measurements that make up 
neural models [18].  
 
Different neuroimaging techniques are under development promoting imaging 
techniques to analyze the brain in different environments, focusing on the analysis 
of social environments in which the brain has different characteristics and greater 
activity [32]. The evolution in brain mapping processes has generated new 
processes for the study and identification of cellular and subcellular areas, 
although these are usually complex, generate new study opportunities and further 
open the field of neuroscience research [47]. As a more complex type of brain 
mapping, multiscale neuroscience has emerged in order to identify the different 
scales that make up the different levels of organization of the nervous system 
among the structures, functions and behaviors of the brain [78]. 
 
Neuroscience has also undergone extensive development in the processes of 
diagnosing cerebrovascular injuries, allowing the types of injuries to be identified 
and the possible effects they may have in the short, medium and long term [36]. In 
the analysis of causes, various models of interconnections have been proposed to 
determine how motility is affected and apathy can be generated in compliance with 
actions aimed at body movements, identifying areas affected by cerebrovascular 
injuries [71]. Although cerebrovascular injuries are a big problem that affects 
people who suffer from it, these serve as a great source of information to 
understand the functioning of the brain and the different systems related to it. 
Neuroscience has evolved thanks to the large amount of information that has been 
extracted from different injuries that have been possible to study and analyze [78]. 
 
In the detection of common disorders, neuroscience has been used as a method of 
analysis to identify the cause of migraine. Although it is a fairly common disorder, 
its causes are highly variable and the affected areas are different for each person 
[13]. Similarly, processes that involve neuroscience as a diagnostic system have 
been used in people with chronic musculoskeletal pain, seeking to re-
conceptualize the understanding of pain in a person as less threatening [80].  
 
As a pain detection process, neuroscience has been applied in different cases of 
analysis in diseases such as cancer, pediatric and sports pain, identifying 
affectations on the peripheral and central nervous system, causing generalized 
hypersensitivity of the somatosensory system [43]. The drug diagnosis process in 
neuroscience has emerged as a response to the application of neuroscience for 
the diagnosis of various physical and psychological illnesses, generating a new 
branch of medication and response analysis [74]. It has been identified that the 
great problems of the treatment of neurodegenerative disorders through drugs, are 
due to a poor development of tests and statistical control that the different 






Aside from poor drug control and production techniques, neurodegenerative 
diseases have been shown to stem from decades of pathological cognitive decline, 
making drug effectiveness highly questionable, if not nonexistent. A prompt 
perception of neuronal disorders would make the effectiveness of drug-based 
treatments possible, reducing or eliminating the presence of neurodegenerative 
conditions [81]. Like response, the different tools that have emerged to support 
clinical neuroscience in addition to clinical trial methodologies provide a better 
understanding of the type of disorder, allowing for a better type of medication for 
antipsychotic drugs [64]. 
 
As a treatment, neuroscience has been used as a research method in identifying 
the body's immune process. For a large number of neurodegenerative diseases, 
neuroinflammatory conditions have been identified. These symptoms are related to 
the central nervous system and are those that the peripheral immune system treats 
as a priority. By detecting the actions taken by the immune system, neuroscience 
is promoting new treatments that promise to be more efficient on disorders such as 
Alzheimer's disease (AD) and multiple sclerosis (MS) [42].  
 
More specific processes have used neuroscience as a control system over 
intracerebral pressure, detecting when an increase in intracerebral pressure can 
show malfunctions in the functioning of the nervous system and cause impairments 
in motor control or other neuronal disorders [44]. In specific disorders such as 
schizophrenia, neuroscience has been proposed as a starting point for the 
generation of new treatments that allow the reduction of cognitive deterioration 
generated by this type of disorder. Research and the generation of new techniques 
have been promoted in order to create new knowledge and encourage the 
application of these treatments in the clinical environment [15].  
 
The use of Transcranial Magnetic Stimulation as a treatment for Autism Spectrum 
Disorder has opened a new trend of treatments using neuroscience as a 
development point, allowing by means of stimuli to reduce the conditions that are 
generated by the disorder, giving a better response in contradiction to treatments 
that involve drugs or invasive processes [16]. 
 
Child neurology has also been key in the development of neuroscience. The 
pediatric processes that focus on the study of neuroscience applied to the learning 
and detection of neuronal diseases in children, has been one of the most 
developed in recent years, generating treatment and new application 
developments that have opened new opportunities. to the investigation [59].  
 
Treatments focused on irritability, one of the conditions that most affects children, 
has been one of the most researched fields of study in childhood neurology. 
Neuroscience has identified the amygdala, the medial prefrontal cortex, the 
cingulate cortex, the insula, the striatum and the association cortex are the areas 
that are most affected by irritability, and that these should be intervened to treat 
this disorder [40]. The application of neuroscience in children's neurology has been 





making it one of the most researched and which is requested to be based on all 
training processes that involving neuroscience [30]. 
 
Cognitive neuroscience as part of the various branches of neuroscience, focuses 
on the study of the perception and understanding of the environment and the being 
in which people operate, since the human being is aware of its existence until it 
perishes [10]. The social environment is key in cognitive neuroscience, the way in 
which people and social groups are perceived affects in various ways the 
understanding of the environment in which a person develops [28].  
 
One of the most accepted applications of cognitive neuroscience has been in the 
study of the potential impact of a brain injury generated by post-traumatic stress, in 
many cases applied to retired military personnel. [79]. Likewise, the study of bipolar 
disorder has been addressed by cognitive neuroscience, identifying by wave 
recognition those that appear most frequently for variations in moods, allowing the 
systematization of variable behaviors [33].  
 
Some disorders such as Eating Disorder have been studied by cognitive 
neuroscience, identifying the areas and processes that intervene in the brain in the 
face of food consumption, and the detection of affected areas when this process 
presents abnormally [69]. As experimental processes, the application of 
neuroscience in episode memory has generated various applications on the results 
that are perceived on different patients, generating different methods of application 
of stimuli to stimulate or create variations on this type of memory [45].  
 
Cognitive neuroscience also promotes techniques for preventing neural diseases. 
Healthy lifestyle habits like exercise have shown a high induction in neurogenesis 
in the brain, with the potential to improve brain health and avoid the effects of 
neurodegenerative disease [62]. 
 
In the development of cognitive neuroscience, computational cognitive 
neuroscience (CCN) has been key in the analysis and compression of the different 
interconnected and related systems that generate neural processes, analyzing 
processes and identifying brain areas of interest, allowing verify or contradict with 
classical theory [26].  
 
Cognitive computational neuroscience as a system of analysis of human behavior 
has been studied as a predictive system, which allows the reasons for decisions to 
be analyzed according to different characteristics such as age, gender, population, 
among others. As a predictive system, computational neuroscience still has a wide 
field of exploration that needs to be deepened [77].  
 
In application processes have been sought to bring computational neuroscience to 
the clinical area, correlating and evaluating clinical processes through interoception 
as a way of investigating holistic functions of the nervous system and dysfunction 






The different systems focused on neuroscience are developed as systems for 
reading and interpreting the brain. There are many models that have emerged in 
order to analyze the neuronal behavior that exists between the different nervous 
systems related to the brain. Some of the interpretation systems have been 
developed using transcranial magnetic stimulation techniques seeking to create 
non-invasive processes, capable of processing the different layers of information 
that brain readings can provide [76]. Similarly, Magnetoencephalography presents 
a brain reading process similar to Transcranial magnetic stimulation, allowing the 
study of the dynamics and connectivity of brain activity through the interactions of 
the body and the brain in different media [27].  
 
Some processes such as simplified electromyography allow the electrical pulses 
generated by the nervous system to be transmitted to electrically analyze to 
transfer into information, identifying and classifying the different types of pulse and 
signals that can be generated [35]. One of the most developed processes by 
different laboratories is magnetic resonance microscopy, which allows brain 
mapping of very small areas of the brain, generating detailed information on the 
affected parts and those that are interrelated; Because it is one of the most precise 
processes, it is one of the most used in neuroscience studies [61].  
 
Another neuronal analysis system is the Magnetic Resonance – Guided Focused 
Ultrasound, which allows mapping of the nervous system based on ultrasonic 
resonance, generating images of the affected areas of the brain that react to 
different waves [31]. As one of the most advanced processes that has been 
developed in the areas of neuroscience, Brain Computer Interface (BCI) promises 
to be the new stage of connection and diagnosis of the functioning of the nervous 
system.  
 
With communication that bypasses normal neuromuscular pathways, a direct 
connection between the brain and the machine is established, giving real-time data 
with greater precision and understanding [45]. Many of these methods focus on 
non-invasive stimulation processes that provide the necessary study information, 
without resorting to uncomfortable and painful processes that affect the patient's 















7. PROPOSED METHODOLOGY 
 
The methodology proposed for this research was of experimental exploratory 
because a series of tests were carried out in search of a defined result, this 
methodology was carried out by applying different techniques in this case for the 
acquisition of signals in search of the improvement of the type of signal acquired. 
 
7.1. QUANTITATIVE DATA: 
 
• Amplitude encephalographic signals. 







• Knock it out 




7.3. METHODOLOGICAL STAGES: 
 
In the objectives proposed in the investigation, a sensor prototype is developed to 
measure VEP in order to obtain a noise optimizing device when acquiring the 
encephalographic signal. 
 
The objectives proposed in the research are met with a cascade methodology, that 
is, sequential, the steps that were met were: 
 
1. The first specific objective was met by: 
 
The noise reduction sensor prototype was developed with design by 
implementing analog filters in the circuit such as band pass, low pass and 
high pass, the circuit's design used resistors and capacitors in the montage 
because was necessary decrease the noise acquired in the environment 
 
The frequencies and amplitudes of encephalographic signals obtained were: 
 
• Delta signals: 0,1 Hz – 3,99 Hz 
• Theta signals: 4 Hz – 7,99 Hz 
• Alpha signals: 8 Hz – 13,99 Hz 






2. The second specific objective was met by: 
 
The checkerboard test was developed in C language in JAVA which varied 
the frequency, amplitude and intensity of the colors in the tables presented 
in the test. 
 
The test was implemented in a plugin in the specialized imageJ program 
because in this program the visualization of the checkerboard is easier for 
the user. 
 
3. The third specific objective was met by: 
 
The analysis of the encephalographic signals acquired by the sensor is 
analyzed by means of digital filters, in this case IIR Filters (Infinite Impulse 
Response) by the type of response; Because the digital filters help to reduce 
the noise, the digital filters use corresponding frequencies to divide the EEG 
signal and with this frequency were the help to find four characteristic brain 
waves. 
 
4. The fourth specific objective was met by: 
 
The storage, processing and statistical analysis of the different records 
generated by the signal reading and capture system, analyzing the 
arithmetic mean and standard deviation to arrive at a Gaussian analysis, 
allowing standardization and correlation of each wave type. 
 
5. The fifth specific objective was met by: 
 
Through data processing and the search for standardized values, perform 
behavioral comparisons of each of the waves, identifying distinctive patterns 
that allow them to be related to the standard waves and identify similarities 









































7.4. INSTRUMENTS AND EQUIPMENT 
 
In the stages of the methodology, used different equipment facilitated by the 
Catholic University of Colombia how: 
 
• Computers: The software for the development of the checkerboard test. 
 
• Oscilloscope: This equipment help acquires and measures the frequencies 








































8. NOVEL CHARACTER OF THE PROJECT  
 
 
The research innovation was based on the customization of the device prototype. 
 
Currently, medicine teams of evoked potentials are focused on each stimulus. 
 
















9. ANALOG CIRCUIT DESIGN AND SIMULATION 
Developing a prototype to noise reduction sensor for evoked visual potentials at 
low cost requires various methodological steps. In these, the processing and 
acquisition of encephalographic signals stimulated by visual evoked potentials 
must be analyzed, looking for a relationship between the type of signal acquired 
and the reference signals acquired by theoretical investigations. For this process, 
the stages mentioned below were established. 
 
The acquisition of encephalographic signals must be design in diverse stages of 
amplification and filtering signals. The signals acquired by sensors for capturing 
electrical signals can be sampled by the unification of each one of the stages 
design in order to show a signal without noise or amplification error. For each of 
the mentioned stages, different circuits were designed in the Proteus® software 
that allows analyzing the necessary components and simulating the capture and 
sample of signals. 
 
Two design stages were developed. 
 
 
9.1    SIGNAL PRE-AMPLIFICATION 
 
At encephalographic signals acquired by electrically conductive sensors 
(electrodes) is necessary to carry out a pre-amplification stage of the signal that 
allows acquiring a real value. The encephalographic signals handle values equal to 
or less than millivolts, so their acquisition and processing are very complex and the 
presence of noise at the time of acquisition is very high. Taking into account the 
need to increase the signal and reduce noise, various amplifiers capable of 
processing the signal for the bandwidth it handles were considered (see table 2.). 
 
 
Reference Bandwidth Impedance consumption 
LF353 3 Mhz High impedance 
LF351 4 Mhz High impedance 
LF356 5 Mhz High impedance 
LF412 3 Mhz Low impedance 





LM342 1.2 Mhz Low impedance 
LM348 1 Mhz Low impedance 
LM 1458 1 Mhz Low impedance 
OP07 600 Khz Low impedance 
AD620 120 Khz Low impedance 
Table 2. Commercial Operational Amplifiers. 
 
As acquired signals are low frequency and low impedance, to the project was 
decided to use the reference operational amplifier AD620, which meets the design 
needs that managing a frequency of 120 kHz reduces the presence of noise. 
 
 
Figure 14. AD620 datasheet.[1] 
 
 
To define the percentage of gain that the op amp AD620 handles is established by 
the formula:  
 
Taking into account the percentage of gain necessary for the signal to be filtered 
and sampled, a resistance of 2KΩ was established for a gain of 25.7 that adjusts to 
the filtering and sampling requirements of the signal. 
 
9.1.1 Operational amplifier assembly (simulator). With    the     defined   design 
requirements, the assembly was carried out using the Proteus® simulator. To 
simulate the acquisition of data from the encephalographic signals, two signals of 
60 Hz at 200uVms were established as input, which resemble the amplitude and 










Figure 15. Pre-amplification circuit design AD620. 
 
 
The amplification of the signal is observed in comparison with the two input signals, 
complying with the design requirements. Once the amplification is carried, the 
noise present in the signal must be eliminated, so is necessary filter this.  
 
9.1.2 Encephalographic signal filtering. According to the  type of frequency that 
handles the encephalographic signals, different filtering stages must be designed 
to classify the signals according to their bandwidth (see table 3.). 
 
 
Beta signal brain wave Alpha signal brain wave 
14Hz – 30Hz 8Hz – 13.99Hz 
Theta signal brain wave Delta signal brain wave 
4Hz – 7.99Hz 0.1Hz – 3.99Hz 
Table 3. Encephalographic signals bandwidth. 
 
 
For the correct signal filtering, two filtering stages must be developed, one 
composed of a Notch filter and the other of a low pass filter, that adapt to 
bandwidth conditions, reducing the presence of signal noise. 
 
9.1.2.1 Notch filter design. The notch filter  or  band-reject filter is an analog filter  
to attenuate the signals and reject frequencies of a certain bandwidth as required 
by the design. As established by the design requirements for capturing 
encephalographic signals, it is necessary to design an attenuation notch filter for a 
frequency of 60 Hz, where the presence of noise occurs. For the design of the 
filter, a fourth order filter was designed with commercial operational amplifiers of 
reference LF353, which adapt to the already amplified signal that is available from 
the pre-amplification circuit and allows obtaining the necessary signal by 
eliminating the present noise. 
 







• 2 KΩ 
• 4.99 KΩ 
• 12.1 KΩ 
• 50 KΩ 
• 2.65 MΩ 
• 1000 pF 
 





Figure 16. Notch filter design. 
 
 
The attenuation of the signal is shown, so the filter is eliminating signals with 
frequencies above 60 Hz, which indicates that the design is optimal. 
 
9.1.2.2 Low pass filter design.Continuing with the filtering stages, a filter must be  
used to differentiate the low frequency signals, made up of the Alpha (8 Hz - 13.99 
Hz) and Beta (14 Hz - 30 Hz) signals. A low pass filter was designed for 
frequencies below 30 Hz that allowed the signals to be sampled. To determine the 
profit margin and the filtering frequency, the gain formula of the low pass filters was 




Taking into account the working frequency, the values for the filter were 
determined. The following elements of commercial values were established: 
 
• 10 KΩ 
• 100 KΩ 














Figure 17. Low pass filter design. 
 
 
A second-order low pass filter was proposed in order to allow more attenuation of 
the signal for encephalographic signals. For the design of the filter was decided to 
use the operational amplifier TL084ACD that allows the handling of an off-set for 
the signal and reduces the noise present in these. 
 
 
Figure 18. Second order Low pass filter design. 
 
 
Once all the stages were designed, these were joined into a complete circuit to 




































10. ANALOG CIRCUIT ASSEMBLY 
Different circuits were made to acquire the cleanest encephalographic signal. First 
two circuits were made, the signal acquired in these circuits had a lot of noise. 
10.1 CIRCUIT NUMBER 3. 
With the definition of design requirements, the assembly of the circuit will the next 
step of the design. By the first tests, the circuit was decided to mount a breadboard 








From the assembly, the signals acquired by electrodes connected to key reference 
points were tested. Commercial single-use electrical signal acquisition electrodes 
were used for testing. For the transmission of the signal, a copper cable capable of 
transmitting the signals captured by the electrodes were used. With the definition of 





Figure 21. Location electrodes acquisition of encephalographic signals. 
 
 
The results of the circuit are presented in the following tables. In these tables the 








Beta signal brain wave Alpha signal brain wave 
  
Theta signal brain wave Delta signal brain wave 
  
Table 4. Encephalographic signals. 
 
In this case, the tests were carried out on a 25-year-old patient with a female 
gender. 
 
In this part of the project, the tests carried out were made only with analog filters, 
therefore noise is present, the signals were filtered according to the sampling 
frequency and they were sampled to the point where the signals were obtained 
according to the concentration state and subsequent drowsiness of the person until 










              
Figure 22. Acquisition of encephalographic signals. 
 
10.2 Circuit number 8. 
 
During the tests, difficulties were encountered due to the presence of noise and a 
large number of connectors, taking this into account, the circuit was optimized by 
replacing the notch filter amplifiers with an integrated UAF42AP which has an 
internal notch filter with a frequency off-set. This allows improving the capture of 











The total of the circuits implemented were eight. Different analog filters were 
implemented in these circuits for maximum noise reduction and it was determined 
that circuit number 8 was the most optimal because the circuit was the one that 
captured the signal with the least noise. 
 
The total cost of the prototype is shown below and compared the price (dollars) to 
other devices that capture brain signals. In annexes are the detailed costs of the 
materials 
 
Total prototype sensor project 
to measure visual evoked 
potentials 397,66 USD 
EMOTIV EPOC+ 14 Channel 
Mobile Brainwear 700 USD 
Brainwave Brain Waves 
Headband 552 USD 
NeuroSky (1 Chanel) 1000 USD 
OpenBCI (8-16 Channels)  25000 USD 
Table 5. Costs prototype sensor project. 
 
In conclusion, the project is the most optimal in cost compared to other EEG 
devices because some of these devices are created for games, which means that 
the focus is not on noise reduction, on the other hand, other devices are difficult to 
access since they are not in Colombia adding shipping cost to the price presented 
above, meeting the general objective of making a low cost EEG signaling device. 
10.3 DESIGN CHECKERBOARD TEST 
For the development of tests focused on visual evoked potentials, a 
CHECKERBOARD test was designed, where the variation of a chessboard is 
proposed from time to time in order to generate visual stimuli. The JAVA® 
programming language was used to design the software, in order to create a visual 
interface that would allow the user to see the variations that appear on the screen 
to generate the stimuli. The code developed for this was: 
 
“Initially java language is named as “Oak” in 1991, which is designed for the 
consumer electronic appliances. Later in 1995 the name was changed to Java. 
Java was developed by James Gosling, a development leader in sun micro 
system. Oak was redesigned in 1995 and changed the name to java for the 
development of the applications which can be run over internet. Using the java 
language, java programs can be embedded in to the html pages. Java is not only 
limited for the web applications; It is also useful to develop the stand alone 
applications. Java has a feature called OOPs, which make it more familiar. Object 
oriented programming replaced the old traditional techniques i.e. procedural 
programming.”   
 
 





Version Java (64 bit): 8.0.1110.14 
Size Java: 107 MB 
 




Finally, an ImageJ plugin was obtained that generates variations in the position of 
the squares on the chessboard, obtaining the desired interface to generate the 
visual impulses. 
 
            
Figure 24. Checkerboard in JAVA® environment. 
 
10.4 DIGITAL SIGNAL PROCESSING 
For the digital signal processing system was necessary to design a program for 





real time. An analog-to-digital data conversion had to be developed to sample the 
signals and perform their digital processing. 
 
For data capture, a data processing board was necessary to implement, that would 
allow reading analog data and converting into digital values. The data reading was 
done using an Arduino® UNO board, which is a microcontroller board based on the 
ATmega328P, this has five analog inputs for reading data from the circuit, in 
addition to allowing serial communication to a program for software processing 
data. 
 
Figure 25. Data acquisition board 
 
A code was designed for data acquisition and Serial communication in the Arduino 
programming environment. For the tests, two reading port (A0 & A1) were 
activated, with which the data capture check was performed in real time by the 
Serial Monitor and the Serial Plotter. 
 









To improve data capture and sampling, a graphical environment was developed in 
Matlab® for data capture, processing and sampling. Handling the serial 
communication, the communication port was established with the Arduino® UNO 
board and the necessary data processing was performed to sample the signal and 
reduce the noise present in this. Sampling times were defined through 
experimentation looking for the one that best suited the captured signals. The 
control ports were established and the final signal was sampled. 
 
“MATLAB is a high-performance language for technical computing. It integrates 
computation, visualization, and programming in an easy-to-use environment where 
problems and solutions are expressed in familiar mathematical notation. Typical 





Version Matlab: 8.3 
 
Matlab® environment development code: 
 
global s po co 
delete(instrfind({'Port'},{com})); 






tmax = str2double (get(handles.edit1,'string'));  
rate = str2double (get(handles.edit2,'string'));  
axes(handles.axes1); 
axis([0,tmax,-5,5]) 
l1 = line(nan,nan,'Color','r','LineWidth',2); 
l2 = line(nan,nan,'Color','k','LineWidth',1); 
xlabel('Tiempo (s)') 
ylabel('Voltaje (V)') 
title('Signals processing Arduino') 
grid on 
hold on 
v1 = zeros(1,tmax*rate); 
v2 = zeros(1,tmax*rate); 
i = 1; 
t = 0; 
tic 
while t<tmax 
    t = toc; 
    a = fscanf(s,'%d,%d')'; 
    v1(i)=a(1)*5/1024; 
    v2(i)=0; 
    x = linspace(0,i/rate,i); 
    set(l1,'YData',v1(1:i),'XData',x); 
    set(l2,'YData',v2(1:i),'XData',x); 










fprintf('%g s de captura a %g cap/s \n',t,i/t); 
 
 
Figure 27. Matlab® Serial Plotter. 
 
 
10.4 ACQUISITION OF DIGITAL SYSTEM SIGNALS WITH DATA 
ACQUISITION CIRCUIT. 
 
To capture the encephalographic signals and digital sampling, the circuit was 
connected to the data acquisition card communicated by the serial port to the 
sampling program. Sampling was made for each of the signals seeking to adjust 
the sampling time to the frequency that each signal handles. Sampling calculations 
were performed experimentally until an optimal signal resolution was achieved. 
 



















Finally, the acquired signals were classified according to the frequency handled 
and type of signal for each of the sampled signals (see table 5.). 
 
 
Beta (14-30 Hz)  Alpha (8-13.99 Hz)  
Sampling time: 0.033 sg Sampling time: 0.083 sg 
  
Theta (4-7.99 Hz) Delta (0.1-3.99 Hz) 
Sampling time: 0.143 sg Sampling time: 0.25 sg 
|   





























Figure 29. Sensor prototype for checkerboard visual evoked potentials 
(Model). 
 
To analyze the results, tests were carried out to capture and sample the 
encephalographic signals using visual impulses generated by the ImageJ plugin 
designed in Java. The different responses that are presented to the visual stimuli 
were studied and classified according to the frequency and the signals captured by 
the system. 
 
The capture system was put together with the visual impulse system so these work 
continuously generating visual stimuli and carrying out the data reading process by 
means of the data acquisition card and the capture, amplification, filtering and 













Using the capture system, the first tests of capture and sampling of 
encephalographic signals were performed for a person classified between the ages 
of 20 and 30, without samples of neurodegenerative diseases. For the first tests, 
the visual impulse system (ImageJ plugin) was not used in order to analyze and 
classify the responses of the encephalographic signals under normal conditions. 
 
 





For a person under normal conditions, the capture signals were classified 
according to the sampling frequency. The signals were analyzed according to the 
band representation and were used as a comparison point with the capture signals 





Figure 32. Encephalographic signals (sampling). 
 
Based on the theory, the sampled signals were interpreted according to the 
sampling frequency to be classified into: 
 
• Beta (14-30 Hz). 
• Alpha (8-13.99 Hz). 
• Theta (4-7.99 Hz). 
• Delta (0.1-3.99 Hz). 
 
With the classification of the waves, the tests were carried out with the same 
subject and the visual impulse system was applied. For each wave analysis,  the 
effect of the signal depending on the stimulus generated by the visual effect of the 















The Beta band wave was handled with a sampling frequency of 14 to 30 Hz, 
Impulse time 3 minutes, the maximum time for the samples was taken as 0.033 sg, 














The Alpha band wave was handled with a sampling frequency of 8 to 14 Hz, 
Impulse time 10 minutes, the maximum time for the samples was taken as 0.083 









The Theta band wave was handled with a sampling frequency of 4 to 8 Hz, 
Impulse time 20 minutes, the maximum time for the samples was taken as 0.143 













The Delta band wave was handled with a sampling frequency of 0 to 4 Hz, Impulse 
time 30 minutes, the maximum time for the samples was taken as 0.25 sg, the 




Figure 37. Delta wave identification. 
 
For each one of the waves sampled with the application of evoked potential type 
visual stimuli were identified the variations that appear in front of a wave without 
stimulation and the wave with stimulation.  
 
Variations in amplitude and frequency that are shown in each of the waves were 
identified for each type of band in their respective frequency. By each wave is 
possible to identify how visual stimuli create amplitude variations, generating 
frequency peaks with an amplitude greater than that sampled in signals without 
stimuli (see table 6.). 
 
 
Beta  2.2 Vpp Beta(visual stimuli) 2.8 Vpp 
Alpha 1.8 Vpp Alpha (visual stimuli) 4    Vpp 
Theta 1.6 Vpp Theta(visual stimuli) 3.6 Vpp 
Delta 1.4 Vpp Delta(visual stimuli) 3.8 Vpp 
Table 7. Peak-to-peak voltage comparison encephalographic signals. 
 
Finally, a comparison was made of the sampling of the encephalographic signals 
with and without impulses for each of the waves, according to their type of band 










Beta (normal condition) Beta (visual evoked potentials) 
  
Alpha (normal condition) Alpha (visual evoked potentials) 
  
Theta (normal condition) Theta (visual evoked potentials) 
  
Delta (normal condition) Delta (visual evoked potentials) 
  





One hundred records were carried out, subject to time variations on the stimuli, 
studying the behavior of the waves subjected to different visual frequencies, 
determining the variations that occur in the wave amplitude and how the response 
is. 
 
The records taken are shown in table 8, where the amplitude of the different waves 
is observed compared to the visual stimuli of variable frequency. 
 
 
Beta Alpha Theta Delta 
0 0,82407903 1,12130446 0,20493542 
0,1417817 0,356543 0,26609923 0,16835752 
-0,007657 0,37362694 0,12308118 0,21062641 
0,02964846 0,4633259 0,24287807 0,28407199 
-0,0215653 0,48242399 0,39349177 0,36265763 
0,01401932 0,41715304 0,47678498 0,43498443 
0,07699961 0,30314128 0,47106254 0,49823009 
0,01792272 0,18351351 0,39302784 0,55354061 
-0,0077195 0,09039823 0,27382918 0,60295094 
0,06360786 0,03983875 0,14509148 0,64765934 
0,07725177 0,03356087 0,03179234 0,68736239 
0,00479691 0,06351497 -0,0503785 0,72032513 
-0,0129291 0,11682354 -0,0949138 0,74388333 
0,04371238 0,17991697 -0,1028806 0,75512529 
Table 9. Data recording captured waves. 
 
All records are shown in annexes. 
 
Wave behavior shows a variation in amplitude for each stimulus frequency, where 









Due to the large amount of data is necessary to study the system during sampling 
periods, allowing to better analyze the behavior of the system subjected to stimulus 




Figure 39. Wave analysis in one sampling period. 
 
For each type of wave, the type of response submitted to the stimuli was studied, 
analyzing the variations present in the waves and the response for each sampling 
period. 
 
For beta waves, the variation present in each pulse is observed compared to the 
different stimuli, where the variable visual stimuli generate a change in the types of 













Similarly, alpha waves show variations compared to variable visual stimuli, 




Figure 41. Alpha Wave full sampling period. 
 
Theta waves show a lower amplitude behavior compared to Beta and Alpha 
waves. Due to the type of wave and the frequency of theta waves, the amplitude 




Figure 42. Theta Wave full sampling period. 
 
Finally, the delta waves present an almost null variation, where the stimulus 












Figure 43. Beta Wave full sampling period. 
 
Finally, the maximum amplitudes of all the records generated are analyzed to 
determine the behavior and the type of wave, determining the variations and the 











0,1417817 0,82407903 0 0,09039823 
0,07699961 0,4633259 0,01401932 0,03983875 
0,06360786 0,48242399 0,07699961 0,03356087 
0,07725177 0,42565931 0,00165225 0,06351497 
0,04775077 0,45445847 0,01665909 0,11682354 
0,04764547 0,49262031 0,06429438 0,17991697 
0,09316421 0,53892528 0,04446823 0,24137934 
0,05651405 0,59089315 -0,0035406 0,29347037 
0,04834535 0,64516924 0,00653617 0,33252793 
0,05545643 0,6979594 0,04184222 0,35855681 
0,06429438 0,7454589 0,01792272 -0,2100912 
0,08064358 0,78423115 -0,0077195 -0,176348 
0,16257154 0,8115061 0,06360786 -0,1272167 
0,05653629 0,82538055 0,07725177 -0,0651022 
0,04907467 0,82491579 0,16257154 0,00682862 
0,05873198 0,81013781 0,05653629 0,08482083 
0,07275568 0,78195354 -0,0023835 0,16476147 
0,04912215 0,63584678 0,04603809 0,3750283 
Table 10. Data recording (amplitude variation). 
 









Figure 44. Graphical analysis of wave amplitude variation. 
 
The behavior of the records is observed and how the stimuli affect the type of 
























12. VALIDATION OF PROJECT 
 
The validation of the project was carried out by comparing the signals captured 
with the existing theory on encephalographic waves. For each of the signals, the 
type of wave and the conditions in which these presented were studied. Next, a 
comparison is made for each of the waves, analyzing their behavior depending on 
the user's conditions and how they were presented. 
 
 








                 
                                                                              Beta band ideal wave 
 
 
        Vs                     Comparison    
 






Figure 45. Beta wave comparison. 
 
The presence of beta waves occurs in a moment of complete space-time 
presence, that's meaning when the person is fully active and aware of himself. For 
the capture of data of the Beta waves, the test subject was subjected to an 
activation state, this was achieved by means of rapid capture of the data, carried 
out in a time of seven minutes of the test, where the subject was only subjected to 
the visual impulses for three minutes in a conscious state. 
 
Data capture was performed with a sampling time of 0.033 sg, adjusting to the 

















                  
                                                                              Alpha band ideal wave 
 
 
        Vs                     Comparison    
 











The presence of Alpha waves occurs in a moment of relaxation; This occurs in a 
state where the person is aware but already has low levels of perception regarding 
space time. The test subject was subjected to a state of relaxation by prolonging 
the test for 20 minutes. 
 
For tests by visual evoked potentials, the subject was subjected to visual stimuli for 
10 minutes in a 20-minute test. During the relaxation moment and the presence of 
low frequency visual stimuli, the variations that were presented in the peaks 
present in the signal were analyzed, which presented a variation in amplitude 
compared to the stimulus changes. 
 
Data capture was performed with a sampling time of 0.083 sg, adjusting to the 





















                 
                                                                              Theta band ideal wave 
 
 
        Vs                     Comparison    
 











The presence of Theta waves occurs in a moment of drowsiness; This occurs in a 
state where the person is still awake but is no longer aware of his around; It is the 
pre-dream state where the person may still react or may fall completely asleep. To 
reach this state, the subject was subjected to a 40-minute period of stillness where 
he was constantly analyzed. 
 
For tests by visual evoked potentials, the subject was subjected to visual stimuli for 
20 minutes in a 40-minute test. During the pre-drowsiness moment, with the 
presence of very low frequency visual stimuli, the variations that were presented in 
the peaks present in the signal were analyzed, which presented a variation in 
amplitude compared to the stimulus changes. 
 
Data capture was performed with a sampling time of 0.143 sg, adjusting to the 



















                  
                                                                              Delta band ideal wave 
 
 
        Vs                     Comparison    
 











The presence of Delta waves occurs in a moment of deep sleep; This occurs in a 
state where the person is completely asleep, disconnected from his exterior, 
unaware of what is happening around him. To reach this state, the subject was 
subjected to a 60-minute period of stillness and relaxation in order to take him to 
deep sleep, where he was constantly analyzed. 
 
For tests by visual evoked potentials, the subject was subjected to visual stimuli for 
30 minutes in a 60-minute test. During the pre-deep sleep moment, with the 
presence of very low frequency visual stimuli, the variations that were presented in 
the peaks present in the signal were analyzed, which presented a variation in 
amplitude compared to the stimulus changes. 
 
Data capture was performed with a sampling time of 0.025 sg, adjusting to the 





By statistical analysis, comparisons were made for each type of wave. Taking into 





person, with these, records were taken of the variations that occur compared to the 
waves captured by the system. 
 
For each type of wave the arithmetic mean and standard deviation are determined, 





















0,1417817 -0,9680264 0,4100719 0,64626314 0,2237460 1,00411348 0,16989196 -0,2410159 
-0,007657 0,27236474 0,43790118 -0,229041 0,2856488 -0,3780186 0,16518231 0,39851583 
0,02964846 -0,1255807 0,43259941 0,44295247 0,3564772 0,31770601 0,17567184 0,36533264 
-0,0215653 -0,0080738 0,39535348 0,02092786 0,4294875 0,21684213 0,19177982 0,12707917 
0,01401932 -0,0231396 0,33158723 0,54646444 0,4706787 -0,5804826 0,20594635 0,26352931 
0,07699961 -0,0021237 0,25046792 0,12309237 0,4294875 0,48595231 0,21290028 1,10114202 
0,01792272 0,09285284 0,16391661 0,16887628 0,2485071 -0,5373373 0,20961224 -0,4514687 
-0,0077195 0,02430605 0,08514382 0,46482565 0,0893341 0,86998462 0,19504304 0,49633346 
0,06360786 -0,0264969 0,02695576 -0,0370185 -0,0085491 -0,0090657 0,1697736 -0,0961876 
0,07725177 0,06622647 0 0,7305681 -0,0545073 0,23612109 0,13558181 -0,1535322 
0,00479691 0,10153844 0,01101464 -0,6470337 -0,0613046 0,20204994 0,09501481 0,36250455 
-0,0129291 0,00812652 0,06158154 1,24157796 -0,0422375 -0,5305326 0,05099073 0,90230421 
0,04371238 -0,0277684 0,14729869 -0,5587184 -0,0093369 0,49922428 0,00645249 -0,7201349 
0,04775077 0,04744544 0,25789896 0,90230457 0,0276274 0,01688825 -0,0359132 0,61041873 
-0,0129799 0,06545143 0,37788477 -0,2034552 0,0615576 -0,0175654 -0,0738862 0,296233 
-0,0131099 -0,0153093 0,48828988 0,42879413 0,0880323 0,13736856 -0,1058516 -0,3811946 
0,04764547 -0,0296024 0,56907697 0,02351984 0,1050416 0,16437771 -0,1308721 0,4815908 
0,02477063 0,04965306 0,6019404 0,5417776 0,1125653 0,19179989 -0,1487006 -0,1800747 
-0,0679098 0,03675063 0,57352748 0,12334803 0,1120767 -0,4872047 -0,1597412 -0,4202808 
-0,049536 -0,0793162 0,47827805 0,17232732 0,1060336 0,51037095 -0,1649703 0,48573596 
0,03975983 -0,0661066 0,32078662 0,46004389 0,0974002 -0,2542623 -0,1658276 0,82776476 
-0,0121609 0,04931795 0,11658515 -0,0198807 0,0892298 0,99845906 -0,1640865 -0,7210754 
-0,0491222 -0,0016029 -0,1077334 0,74393889 0,0843246 -0,4178032 -0,161715 0,61940603 
0,09316421 -0,0615713 0,09373732 -0,6259185 0,0849802 0,29626225 -0,1607355 -0,2033045 
0,01117074 0,08956814 0,49917702 1,20601793 0,0928161 0,21599465 -0,1630903 -0,1927058 
-0,0083688 0,01887058 0,84539352 0,38051054 0,1086869 -0,5671969 -0,1705206 0,41854539 
-0,1288616 0,00852836 1,09632581 0,77878453 0,1326648 0,4890488 -0,1844626 0,04694798 
-0,0217909 -0,0567665 1,23161298 -0,2303129 0,1640838 0,17807703 -0,2059661 -0,6078316 
-0,0219327 0,01740271 1,24679692 0,42616033 0,2016327 -0,0574905 -0,2356358 0,57060561 
0,02509749 -0,0219327 1,15167014 0,03071881 0,2434826 0,12604706 -0,2735981 -9,245E-06 
 















Figure 49. Beta wave analysis. 
 
 
 Arithmetic average Standard deviation 
Standard Beta  0,008861734 0,055135664 
Beta capture by system 0,009235145 0,057394145 
Table 12. Statistical analysis beta standard waves and captured waves. 
 
An optimal behavior between functions is determined, with a standard deviation 




Figure 50. Beta Wave Gaussian Bell Analysis. 
 
A difference of 0.000373411 was obtained between functions, for an arithmetic 











 Arithmetic average Standard deviation 
Standard Alpha  0,274952281 0,592325276 
Alpha capture by system 0,24186569 0,501926197 
Table 13. Statistical analysis Alpha standard waves and captured waves. 
 
An optimal behavior between functions is determined, with a standard deviation 




Figure 52. Alpha Wave Gaussian Bell Analysis. 
 
A difference of 0,033086591 was obtained between functions, for an arithmetic 








Figure 53. Theta wave analysis. 
 
 
 Arithmetic average Standard deviation 
Standard Theta  0,1598553 0,3218252 
Theta capture by system 0,094526959 0,425826548 
Table 14. Statistical analysis Theta standard waves and captured waves. 
 
An optimal behavior between functions is determined, with a standard deviation 




Figure 54. Theta Wave Gaussian Bell Analysis. 
 
A difference of 0,0653283 was obtained between functions, for an arithmetic mean 











Figure 55. Delta wave analysis. 
 
 
 Arithmetic average Standard deviation 
Standard Theta  0,086068065 0,458919756 
Theta capture by system 0,249594598 0,443306316 
Table 15. Statistical analysis Delta standard waves and captured waves. 
 
An optimal behavior between functions is determined, with a standard deviation 
close to each other, represented in the Gaussian function. 
 
 
   
Figure 56. Delta Wave Gaussian Bell Analysis. 
 
A difference of 0,1635265 was obtained between functions, for an arithmetic mean 














7,14279072 0,00018963 0,66782382 0,72143318 1,23057775 0,31900713 0,7151467 0,73392897 
0,39577463 0,440473382 0,65622082 0,66114926 1,21543476 0,59640992 0,74408637 0,48780231 
6,91808719 6,64190591 0,64850906 0,77287773 1,14845369 0,92142259 0,74831821 0,85055199 
6,73926916 5,928566727 0,65008186 0,78646298 1,0285735 0,90496264 0,73881923 0,86977092 
6,21364012 6,816120564 0,65974738 0,7201491 0,87269902 0,93213619 0,72373008 0,86620496 
7,20406012 2,40509998 0,67044724 0,68113314 0,77756305 0,92434564 0,7099912 0,89948016 
3,37161452 6,715368656 0,67294376 0,49478234 0,87269902 0,91273817 0,70309773 0,14222087 
7,13859652 5,726334407 0,66178847 0,16566049 1,19347289 0,36848247 0,70636902 0,25770906 
Table 16. Normal Distribution standard waves and captured waves. 
 
From the analyzes and results shown above, this project shows that the data 
capture and sampling system by means of the Sensor Prototype for Checkerboard 
Visual Evoked Potentials was carried out.  
 
Whit all results shows is demonstrated that the Prototype Sensor is capable of 
capturing, amplifying, filtering and sampling the encephalographic signals, which 
allows the analysis of the behavior of the signals for different frequencies, 
achieving the waves in the Beta, Alpha, Theta and Delta bands under the different 
behavioral circumstance. 
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13. CONCLUSIONS AND FUTURE WORKS 
 
Through the design and assembly of analog electrical circuits, divided into an 
amplification stage designed with an AD620 operational amplifier, a notch-type 
filter stage designed and optimized by integrated UAF42AP, and a final stage 
low-pass filtering by means of a TL084ACD operational amplifier, the 
development of an optimal encephalographic signal sensor was achieved, 
capable of eliminating external noise from signals captured by dry electrodes 
located at key points in the head. The sensor delivers a clean signal of 
electrical signals between the 0.1 Hz and 30 Hz ranges to be recorded and 
processed by digital data capture and sampling systems. 
 
Data capture was carried out using an Arduino® Uno data acquisition card, with 
which a serial transfer code was developed with Matlab® software to carry out 
the signal sampling process. The software performs signal filtering by means of 
adaptive IIR filters, making a signal processing, improving the capture and 
sampling of this. The software allows modifying the sampling frequency, 
establishing signal ranges between 0.1 Hz and 30 Hz, in order to adjust the 
system to the frequencies that handle the signals encephalographic. Finally, the 
desired signals were possible to obtain taken these to a digital display system. 
 
The development of a checkerboard test system was achieved through the use 
of imageJ plugin, developing a variable graphic interface that generates 
variations in the sampled images through the Netbeans® software. Variations 
of images at different frequencies generate visual stimuli such as visual evoked 
potentials, capable of generating variations on the encephalographic signals. 
The signal variations can be standardized and studied to carry out diagnostic 
processes of neurodegenerative disorders. 
 
With the digital signal processing the encephalographic signals were 
standardized, classifying them according to sampling frequency in Beta waves 
(14Hz - 30Hz), Alpha waves (8Hz - 14Hz), Theta waves (4Hz - 8Hz) and Delta 
waves (0.1Hz - 4Hz). With the classification of each type of signal was possible 
to carry out type comparisons and analysis of these when they are subjected to 
different visual stimuli, observing how disturbances on amplitude appear in 
different ways for each type of wave, standardizing the conditions and ranges in 
that each wave is presented. 
 
Through statistical analysis, one hundred different signal registers were 
standardized for each type of wave. Statistical analyzes were carried out by 
frequency variations on visual stimuli, generating changes in each wave type 
for each stored record. The arithmetic mean and standard deviation were 
identified for each wave type given by, beta arithmetic mean waves of 
0.009235145 and standard deviation of 0.057394145, Alpha waves arithmetic 
mean of 0.24186569 and standard deviation of 0.501926197, waves Arithmetic 





mean Delta waves of 0.249594598 and standard deviation of 0.443306316. 
With the statistical analyzes obtained, the Gaussian analysis was finally carried 
out for each wave, identifying the representative values of each record. 
 
Through the identification of the standard waves established by the literature, 
the comparison and validation of the signal capture by the sensor were 
achieved. Wave behavior was identified by comparing amplitude and frequency 
with standard waves, giving an average amplitude variation of 0.000373411 for 
Beta waves, an average amplitude variation of 0.033086591 for Alpha waves, 
an average amplitude variation of 0.0653283 for Theta waves and an average 
amplitude variation of 0.1635265 for Delta waves. Finally, by means of the 
differential analysis of the standard waves and the registered waves, the 
optimum functioning of the sensor, the capture and sampling system was 
verified. 
 
Lastly, a better synchronization between the hardware and software could be 
carried out since in this research two computers plus the sensor were used, 
because one computer shows the chess test and the other computer captures 
the encephalographic signals almost realistically. On the other hand, seek to 
implement different stimuli to the patient and be able to search for supportive 
diagnoses such as games or educational activities that help to better the 
anomaly found. 
 
Future jobs includes, in this model, a design with a greater number of 
electrodes can be made in order to obtain a much broader record and to be 
able to make different signal captures and make an average to compare 
whether it is better to have more or fewer electrodes. On the other hand, with a 
greater number of electrodes, the position of the electrodes could be varied and 
different tests could be carried out to validate the best way to place the 
electrodes. 
 
Future jobs includes, different tests could be carried out classifying the 
population into different groups such as: sex, gender, age, healthy people, 
people you consider to be sick, profession, tastes since this project can be used 
in different areas not necessarily in medicine, for example in neuromarketing It 
is widely used to identify tastes and preferences in population groups. 
 
Future jobs includes, investigation of the encephalographic signals in people 
with some neurodegenerative disease (Alzheimer's, Parkinson's), for example 
helping to identify what factors influence accelerating Alzheimer's disease in 
young people, in Parkinson's being able to identify the areas of the brain where 
the connection of neurons is already lost and So find the brain areas that suffer 
in this disease. 
 
Future jobs includes, in children with attention deficit hyperactivity disorder, 
perform brain signal studies to help the doctor or health personnel make more 





diagnosed with attention deficit hyperactivity disorder, however, both disorders 
they are different, a child could suffer from hyperactivity but not necessarily 
from attention deficit. 
 
Future jobs include, make a software with different characteristics for example: 
a software that is specified in neurodegenerative diseases, the software using 
artificial intelligence can include a possible diagnostic support for the doctor in 
order to speed up the diagnostic processes. 
 
Future jobs include, design a sensor to measure all types of existing evoked 
potentials, for example visual evoked potentials, auditory evoked potentials, 
somatosensory evoked potentials, and perform a more complete integration 
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Records of all data stored for each wave type 
 
Beta Alpha Theta Delta 
0 0,82407903 1,12130446 0,20493542 
0,1417817 0,356543 0,26609923 0,16835752 
-0,007657 0,37362694 0,12308118 0,21062641 
0,02964846 0,4633259 0,24287807 0,28407199 
-0,0215653 0,48242399 0,39349177 0,36265763 
0,01401932 0,41715304 0,47678498 0,43498443 
0,07699961 0,30314128 0,47106254 0,49823009 
0,01792272 0,18351351 0,39302784 0,55354061 
-0,0077195 0,09039823 0,27382918 0,60295094 
0,06360786 0,03983875 0,14509148 0,64765934 
0,07725177 0,03356087 0,03179234 0,68736239 
0,00479691 0,06351497 -0,0503785 0,72032513 
-0,0129291 0,11682354 -0,0949138 0,74388333 
0,04371238 0,17991697 -0,1028806 0,75512529 
0,04775077 0,24137934 -0,0806688 0,75156399 
-0,0129799 0,29347037 -0,0376581 0,73167422 
-0,0131099 0,33252793 0,01585231 0,69522689 
0,04764547 0,35855681 0,0702742 0,64340034 
0,02477063 0,37432314 0,11785433 0,57868408 
-0,0679098 0,38423778 0,15330482 0,50461474 
-0,049536 0,39325032 0,17400015 0,42539708 
0,03975983 0,40590686 0,17982706 0,34546759 
-0,0121609 0,42565931 0,17278405 0,26905548 
-0,0491222 0,45445847 0,15642532 0,19978812 
0,09316421 0,49262031 0,1352354 0,14037722 
0,01117074 0,53892528 0,11400677 0,09240927 
-0,0083688 0,59089315 0,09727712 0,05625168 
-0,1288616 0,64516924 0,08886623 0,03107389 
-0,0217909 0,6979594 0,0915369 0,01497317 
-0,0219327 0,7454589 0,10679015 0,00518687 
0,02509749 0,78423115 0,13479296 -0,0016325 
0,05651405 0,8115061 0,17442716 -0,0091051 
0,01328761 0,82538055 0,22344112 -0,0208028 
-0,0230307 0,82491579 0,27868122 -0,0399421 
0,04834535 0,81013781 0,33637751 -0,0691167 
0,05545643 0,78195354 0,39245784 -0,1100841 
0,00165225 0,7420023 0,44286568 -0,1636207 





0,06429438 0,63584678 0,51227495 -0,3062623 
0,04446823 0,57477493 0,52573603 -0,3917676 
-0,0035406 0,51179514 0,52280414 -0,4828669 
0,00653617 0,44921514 0,5030607 -0,5758355 
0,04184222 0,38898414 0,46712178 -0,6665605 
0,02502027 0,33261969 0,41658772 -0,7507978 
-0,011894 0,28118124 0,35393433 -0,8244338 
0,00854617 0,23528647 0,28235483 -0,8837364 
0,04686228 0,19516346 0,2055639 -0,9255797 
0,00945626 0,16072952 0,12757659 -0,9476309 
-0,0553065 0,13168599 0,05247547 -0,9484877 
-0,0277659 0,10761841 -0,0158208 -0,9277617 
0,02852884 0,08809154 -0,073775 -0,8861024 
-0,0169564 0,07273057 -0,1184234 -0,8251637 
-0,0301436 0,06128139 -0,1475334 -0,7475144 
0,08064358 0,05364544 -0,1597188 -0,6565008 
0,02029831 0,04988691 -0,1545087 -0,5560683 
-0,0393515 0,05021315 -0,132366 -0,4505535 
-0,0787335 0,05493058 -0,0946575 -0,3444592 
-0,0461097 0,06438175 -0,0435759 -0,2422225 
-0,1968854 0,07886945 0,01797949 -0,1479912 
0,1417817 0,0985757 0,08655874 -0,0654176 
-0,007657 0,12348363 0,15834416 0,00251822 
0,02964846 0,15330963 0,22935183 0,05364803 
-0,0215653 0,18745333 0,29564101 0,08671131 
0,01401932 0,22497055 0,35352141 0,10140312 
0,07699961 0,26457366 0,39974803 0,0983727 
0,01792272 0,30466098 0,43169396 0,07917393 
-0,0077195 0,34337532 0,44749274 0,04617096 
0,06360786 0,37868917 0,44614321 0,00240483 
0,07725177 0,40851198 0,42757131 -0,0485713 
0,00479691 0,43081336 0,39264572 -0,1028798 
-0,0129291 0,44375503 0,34314586 -0,1565182 
0,04371238 0,44582113 0,28168323 -0,2055617 
0,04775077 0,43594094 0,21157918 -0,2463571 
-0,0129799 0,4135919 0,13670422 -0,2756997 
-0,0131099 0,378876 0,06128602 -0,2909838 
0,04764547 0,33256417 -0,0103055 -0,2903198 
0,02477063 0,27610134 -0,0737857 -0,2726126 
-0,0679098 0,2115716 -0,1251853 -0,2376003 
-0,049536 0,14161963 -0,161071 -0,1858484 
0,03975983 0,06933694 -0,178746 -0,1187034 





-0,0491222 -0,068556 -0,1533384 0,05300121 
0,09316421 -0,127229 -0,1098649 0,15186473 
0,01117074 -0,1747535 -0,0475074 0,25502717 
-0,0083688 -0,2084408 0,03111253 0,35902014 
-0,1288616 -0,226248 0,12234956 0,46042489 
-0,0217909 -0,2269183 0,22168266 0,55602768 
0,00906411 -0,2100912 0,3239159 0,64295994 
0,16257154 -0,176348 0,42342523 0,71880965 
0,05653629 -0,1272167 0,51444091 0,7817094 
-0,0023835 -0,0651022 0,59135353 0,83038459 
-0,0097955 0,00682862 0,64902881 0,8641726 
0,04907467 0,08482083 0,68311551 0,88300626 
0,04603809 0,16476147 0,69032947 0,88736793 
0,00700771 0,24241457 0,6686979 0,87821799 
0,02547736 0,31371585 0,6177461 0,85690223 
0,05873198 0,3750283 0,53861412 0,82505306 
0,03582763 0,4234112 0,43408975 0,78448345 
-0,0005317 0,45682105 0,30855124 0,73707704 
0,01205664 0,47430062 0,16781191 0,68471203 
0,03723409 0,47604691 0,01887117 0,62916595 
0,01815661 0,46343875 -0,1304245 0,57208274 
-0,0090017 0,4389844 -0,2717999 0,51492867 
0,01429735 0,40609844 -0,3970293 0,45897857 
0,0440245 0,36889438 -0,4984529 0,40533284 
0,00535842 0,33188668 -0,5694997 0,35492845 
-0,0497184 0,29956716 -0,6051925 0,30856923 
-0,0218601 0,27609558 -0,6025893 0,26695277 
0,02469427 0,26475599 -0,5611322 0,23066799 
-0,0188118 0,26783954 -0,4828633 0,20019602 
-0,0271617 0,28617721 -0,372476 0,17588727 
0,07275568 0,31901774 -0,2371828 0,15789272 
0,02047615 0,36406979 -0,0863639 0,14612924 
-0,0325366 0,41745528 0,06898607 0,14012045 
-0,0793377 0,47403767 0,21701783 0,13900848 
-0,0920835 0,52788408 0,34596044 0,14142236 
0,1417817 0,57269093 0,44517284 0,14544121 
-0,007657 0,60254619 0,50625637 0,14878209 
0,02964846 0,61207735 0,52411174 0,14870866 
-0,0215653 0,59793861 0,49785721 0,14251118 
0,01401932 0,55816997 0,43144195 0,12758321 
0,07699961 0,49358313 0,33385105 0,10210781 
0,01792272 0,40701653 0,21873735 0,06534649 





0,06360786 0,19097391 0,00687923 -0,036803 
-0,0325366 0,07653543 -0,0523922 -0,094721 
-0,0793377 -0,0310279 -0,0600248 -0,1494157 
-0,0920835 -0,1235015 -0,0091583 -0,1935752 
0,1417817 -0,1939784 0,09597249 -0,2207258 
-0,007657 -0,2369504 0,23742722 -0,2268285 
0,02964846 -0,2486395 0,38296362 -0,2127565 
-0,0215653 -0,2272362 0,48918987 -0,1857957 
-0,0325366 -0,173338 0,51080433 -0,1601318 
-0,0793377 -0,0930886 0,41896733 -0,1539151 
-0,0920835 -0,0050662 0,2330834 -0,1779192 
0,1417817 0,04519361 0,07120529 -0,2149625 
-0,007657 -0,0461772 0,22598166 -0,177424 
0 0,046324 0,24559735 -0,1100837 
-0,1417817 0,081543 0,35924104 0,06763359 
0,00765702 0,09862694 0,37008597 0,21470997 
-0,0296485 0,1283259 0,45651932 0,33384222 
0,02156527 0,14742399 0,42879663 0,42823295 
-0,0140193 0,14215304 0,35484868 0,50126356 
-0,0769996 0,02814128 0,27329772 0,55625503 
-0,0179227 -0,0914865 0,20325033 0,59630095 
0,00771951 -0,1846018 0,15151102 0,62415951 
-0,0636079 -0,2351613 0,11775654 0,64219285 
-0,0772518 -0,2414391 0,09812134 0,6523434 
-0,0047969 -0,211485 0,08756576 0,65613872 
0,01292908 -0,1581765 0,08133119 0,65471728 
-0,0437124 -0,095083 0,0757285 0,64886896 
-0,0477508 -0,0336207 0,06845645 0,63908496 
0,01297985 0,01847037 0,05860494 0,62561288 
0,01310987 0,05752793 0,04646272 0,60851335 
-0,0476455 0,08355681 0,03321995 0,58771558 
-0,0247706 0,09932314 0,02063161 0,56306949 
0,06790984 0,10923778 0,01068845 0,53439307 
0,04953604 0,11825032 0,00532578 0,50151369 
-0,0397598 0,13090686 0,00618857 0,46430267 
0,01216093 0,15065931 0,0144612 0,42270293 
0,04912215 0,17945847 0,03076329 0,3767494 
-0,0931642 0,21762031 0,05510759 0,3265827 
-0,0111707 0,26392528 0,08691264 0,27245614 
0,00836876 0,31589315 0,12506061 0,21473679 
0,12886155 0,37016924 0,16798948 0,15390122 
0,0217909 0,4229594 0,21380887 0,09052653 





-0,0250975 0,50923115 0,30569323 -0,041109 
-0,056514 0,5365061 0,34750554 -0,1078428 
-0,0132876 0,55038055 0,38394688 -0,1740997 
0,02303068 0,54991579 0,41337409 -0,2390419 
-0,0483454 0,53513781 0,43449817 -0,3018388 
-0,0554564 0,50695354 0,44643947 -0,3616873 
-0,0016523 0,4670023 0,44875876 -0,4178301 
-0,0166591 0,417464 0,44146471 -0,4695737 
-0,0642944 0,36084678 0,42499894 -0,5163037 
-0,0444682 0,29977493 0,40020108 -0,5574975 
0,00354057 0,23679514 0,36825685 -0,5927352 
-0,0065362 0,17421514 0,33063241 -0,6217069 
-0,0418422 0,11398414 0,28899902 -0,6442182 
-0,0250203 0,05761969 0,24515165 -0,6601914 
0,01189403 0,00618124 0,20092567 -0,6696652 
-0,0085462 -0,0397135 0,1581151 -0,6727909 
-0,0468623 -0,0798365 0,11839581 -0,6698262 
-0,0094563 -0,1142705 0,08325686 -0,661127 
0,05530647 -0,143314 0,05394216 -0,6471362 
0,02776586 -0,1673816 0,03140466 -0,6283721 
-0,0285288 -0,1869085 0,01627424 -0,6054139 
0,01695639 -0,2022694 0,00884028 -0,578887 
0,03014357 -0,2137186 0,00904882 -0,5494475 
-0,0806436 -0,2213546 0,01651424 -0,5177656 
-0,0202983 -0,2251131 0,03054432 -0,4845102 
0,03935148 -0,2247869 0,05017744 -0,4503325 
0,07873349 -0,2200694 0,07423012 -0,4158515 
0,04610974 -0,2106183 0,10135272 -0,3816396 
0,19688535 -0,1961305 0,13009111 -0,3482106 
-0,1417817 -0,1764243 0,15895169 -0,3160077 
0,00765702 -0,1515164 0,1864671 -0,2853952 
-0,0296485 -0,1216904 0,2112603 -0,2566511 
0,02156527 -0,0875467 0,23210431 -0,2299621 
-0,0140193 -0,0500294 0,24797542 -0,205421 
-0,0769996 -0,0104263 0,25809786 -0,1830264 
-0,0179227 0,02966098 0,26197816 -0,1626853 
0,00771951 0,06837532 0,25942786 -0,1442169 
-0,0636079 0,10368917 0,2505737 -0,1273599 
-0,0772518 0,13351198 0,23585471 -0,1117814 
-0,0047969 0,15581336 0,2160062 -0,0970872 
0,01292908 0,16875503 0,19203121 -0,082835 
-0,0437124 0,17082113 0,16516014 -0,068548 





0,01297985 0,1385919 0,1084753 -0,037883 
0,01310987 0,103876 0,08176163 -0,0205202 
-0,0476455 0,05756417 0,05821609 -0,0011864 
-0,0247706 0,00110134 0,03930545 0,02052785 
0,06790984 -0,0634284 0,02633573 0,0449701 
0,04953604 -0,1333804 0,02038579 0,07241143 
-0,0397598 -0,2056631 0,02224768 0,10303341 
0,01216093 -0,2768904 0,03237642 0,13691696 
0,04912215 -0,343556 0,05085162 0,17403331 
-0,0931642 -0,402229 0,07735309 0,21423752 
-0,0111707 -0,4497535 0,11115209 0,25726487 
0,00836876 -0,4834408 0,1511195 0,30273019 
0,12886155 -0,501248 0,19575154 0,35013052 
0,0217909 -0,5019183 0,24321313 0,39885105 
-0,0090641 -0,4850912 0,29139829 0,4481745 
-0,1625715 -0,451348 0,3380062 0,49729382 
-0,0565363 -0,4022167 0,38063109 0,54532826 
0,0023835 -0,3401022 0,41686313 0,59134246 
0,00979546 -0,2681714 0,44439716 0,63436839 
-0,0490747 -0,1901792 0,46114518 0,67342976 
-0,0460381 -0,1102385 0,46534841 0,70756843 
-0,0070077 -0,0325854 0,45568392 0,73587232 
-0,0254774 0,03871585 0,43136091 0,75750416 
-0,058732 0,1000283 0,39220153 0,77173041 
-0,0358276 0,1484112 0,33870103 0,7779495 
0,00053172 0,18182105 0,27206271 0,7757187 
-0,0120566 0,19930062 0,19420329 0,76477851 
-0,0372341 0,20104691 0,10772524 0,74507378 
-0,0181566 0,18843875 0,01585376 0,71677059 
0,00900166 0,1639844 -0,0776631 0,68026783 
-0,0142973 0,13109844 -0,1686905 0,63620265 
-0,0440245 0,09389438 -0,2528779 0,58544874 
-0,0053584 0,05688668 -0,3258599 0,52910683 
0,04971843 0,02456716 -0,3834825 0,46848643 
0,02186008 0,00109558 -0,4220455 0,40507853 
-0,0246943 -0,010244 -0,4385515 0,34051871 
0,01881182 -0,0071605 -0,4309486 0,2765406 
0,02716165 0,01117721 -0,3983524 0,21491998 
-0,0727557 0,04401774 -0,3412315 0,15740986 
-0,0204762 0,08906979 -0,2615387 0,10566772 
0,03253655 0,14245528 -0,1627697 0,06117628 
0,07933774 0,19903767 -0,0499327 0,02515981 





-0,1417817 0,29769093 0,19129983 -0,018354 
0,00765702 0,32754619 0,30397168 -0,0254506 
-0,0296485 0,33707735 0,400176 -0,023415 
0,02156527 0,32293861 0,47193094 -0,0134913 
-0,0140193 0,28316997 0,51246523 0,00243203 
-0,0769996 0,21858313 0,51706174 0,02183237 
-0,0179227 0,13201653 0,48392994 0,04160723 
0,00771951 0,02885128 0,41503304 0,05818436 
-0,0636079 -0,0840261 0,31676796 0,0677017 
0,03253655 -0,1984646 0,20035878 0,06627239 
0,07933774 -0,3060279 0,08178565 0,0503528 
0,09208352 -0,3985015 -0,0189793 0,01723336 
-0,1417817 -0,4689784 -0,0797166 -0,0343252 
0,00765702 -0,5119504 -0,0790371 -0,1032851 
-0,0296485 -0,5236395 -0,0012273 -0,1853261 
0,02156527 -0,5022362 0,1566153 -0,2716098 
0,03253655 -0,448338 0,37452748 -0,3472799 
0,07933774 -0,3680886 0,59595913 -0,3896587 
0,09208352 -0,2800662 0,70950089 -0,366098 
-0,1417817 -0,2298064 0,52502206 -0,2314388 
0,00765702 -0,3211772 -0,2569938 0,07497332 
0,10286684 0,16216022 -0,1815209 -0,1100837 
0,0621498 0,19656606 0,0798949 0,06763359 
0,05260478 0,22995952 0,22800573 0,21470997 
0,00804884 0,28049691 0,33018717 0,33384222 
0,04050461 0,3686731 0,40408146 0,42823295 
-0,0895071 0,44876168 0,42261579 0,50126356 
0,11395567 0,50244239 0,3884811 0,55625503 
0,10286684 0,52367211 0,31769913 0,59630095 
0,0621498 0,51173307 0,22965375 0,62415951 
-0,0214958 0,46854672 0,14159491 0,64219285 
0,04055897 0,39790036 0,0661261 0,6523434 
0,01825023 0,30528161 0,01058191 0,65613872 
-0,0331467 0,19769114 -0,0224897 0,65471728 
0,02164619 0,08321358 -0,0342875 0,64886896 
0,05260478 -0,0296471 -0,0285275 0,63908496 
0,00804884 -0,1327578 -0,0102551 0,62561288 
0,04050461 -0,2191334 0,01516641 0,60851335 
-0,0895071 -0,2835799 0,04282762 0,58771558 
0,11395567 -0,3231192 0,06878951 0,56306949 
0,10286684 -0,3371545 0,09036053 0,53439307 
0,0621498 -0,3273783 0,1061684 0,50151369 





-0,0294544 -0,2525225 0,12094913 0,42270293 
0,05747364 -0,1986187 0,12243607 0,3767494 
0,05020928 -0,1420328 0,1226065 0,3265827 
0,01235898 -0,0887166 0,12367511 0,27245614 
0,05286127 -0,0437631 0,12772068 0,21473679 
0,07709803 -0,0110101 0,13645773 0,15390122 
0,02918118 0,00721429 0,15106689 0,09052653 
-0,0044583 0,01019317 0,17208942 0,02527757 
0,02140431 -0,0012236 0,19938604 -0,041109 
0,04167445 -0,0247929 0,23215561 -0,1078428 
0,01804675 -0,0571547 0,26900606 -0,1740997 
0,00144934 -0,0941814 0,30806755 -0,2390419 
0,02335372 -0,1313642 0,34713625 -0,3018388 
0,0343056 -0,164206 0,38383678 -0,3616873 
0,00267296 -0,1885886 0,41579135 -0,4178301 
-0,0172538 -0,2010895 0,44078427 -0,4695737 
0,0116777 -0,1992285 0,45691209 -0,5163037 
0,02774629 -0,1816311 0,46271078 -0,5574975 
-0,0062101 -0,1481033 0,4572537 -0,5927352 
-0,008852 -0,0996177 0,44021579 -0,6217069 
0,04236505 -0,0382189 0,41190153 -0,6442182 
0,03591665 0,0331419 0,37323649 -0,6601914 
-0,0153436 0,110826 0,3257238 -0,6696652 
-0,1075942 0,19076272 0,2713688 -0,6727909 
0,02595722 0,26872289 0,2125767 -0,6698262 
0,05280108 0,34059088 0,15202889 -0,661127 
0,14595255 0,40261814 0,0925447 -0,6471362 
0,04112382 0,451643 0,03693583 -0,6283721 
0,02412445 0,48526496 -0,0121391 -0,6054139 
-0,0472099 0,50196489 -0,0523126 -0,578887 
0,07657927 0,50116668 -0,0816327 -0,5494475 
0,04442301 0,48323976 -0,0986663 -0,5177656 
-0,0007481 0,44944529 -0,1025781 -0,4845102 
0,07693936 0,40183221 -0,0931801 -0,4503325 
0,09292456 0,34309219 -0,0709491 -0,4158515 
0,01229256 0,27638407 -0,037012 -0,3816396 
-0,0076086 0,20513987 0,00690157 -0,3482106 
0,04524858 0,13286494 0,05853667 -0,3160077 
0,04513547 0,06294421 0,11521825 -0,2853952 
-0,0077002 -0,0015343 0,17397835 -0,2566511 
-0,0041868 -0,0579292 0,23170054 -0,2299621 
0,0450913 -0,1041614 0,28527472 -0,205421 





-0,033366 -0,1610504 0,36851452 -0,1626853 
-0,0214958 -0,1708436 0,39338604 -0,1442169 
0,04055897 -0,168697 0,40478727 -0,1273599 
0,01825023 -0,1556847 0,40181837 -0,1117814 
-0,0331467 -0,1333248 0,38432964 -0,0970872 
0,02164619 -0,1034573 0,35295395 -0,082835 
0,05260478 -0,0681133 0,30910102 -0,068548 
0,00804884 -0,0293831 0,25491233 -0,0537304 
0,04050461 0,01070674 0,19317728 -0,037883 
-0,0895071 0,05030072 0,12721264 -0,0205202 
0,20513326 0,08779915 0,06070971 -0,0011864 
0,07395847 0,12191674 -0,0024451 0,02052785 
0,10234114 0,15171192 -0,0583685 0,0449701 
0,06807879 0,17658614 -0,1033893 0,07241143 
0,01618347 0,1962575 -0,1342576 0,10303341 
-0,0363169 0,2107114 -0,1483434 0,13691696 
0,06006791 0,22012955 -0,1438154 0,17403331 
0,04859506 0,22481622 -0,1197883 0,21423752 
0,00902291 0,22511273 -0,0764294 0,25726487 
0,0579993 0,22132526 -0,015016 0,30273019 
0,08195962 0,2136605 0,06206192 0,35013052 
0,02561606 0,20218056 0,15136016 0,39885105 
-0,0069272 0,18678773 0,24849863 0,4481745 
0,02640783 0,16722492 0,34834051 0,49729382 
0,04419081 0,14311882 0,44522638 0,54532826 
0,01207537 0,11403305 0,53325561 0,59134246 
-0,0025597 0,07955516 0,60660369 0,63436839 
0,02815653 0,03938647 0,65986168 0,67342976 
0,0369233 -0,0065535 0,6883801 0,70756843 
-0,0048444 -0,0580308 0,68859966 0,73587232 
-0,0220931 -0,1144272 0,65834606 0,75750416 
0,01934959 -0,1746803 0,59707216 0,77173041 
0,03240554 -0,2372672 0,50602442 0,7779495 
-0,0144041 -0,30024 0,38831668 0,7757187 
-0,0082175 -0,3612856 0,24889684 0,76477851 
0,05387969 -0,4178556 0,09439795 0,74507378 
0,02228278 -0,4673257 -0,0671358 0,71677059 
-0,0153242 -0,5071951 -0,2266375 0,68026783 
0,01200819 -0,5352955 -0,3745188 0,63620265 
0,05292445 -0,5499621 -0,5012567 0,58544874 
0,05280108 -0,5503229 -0,5980451 0,52910683 
0,14595255 -0,536353 -0,6574682 0,46848643 





0,02412445 -0,4701546 -0,6453711 0,34051871 
-0,0472099 -0,4225951 -0,5714678 0,2765406 
0,07657927 -0,3697952 -0,456177 0,21491998 
0,04442301 -0,3155266 -0,3066548 0,15740986 
-0,0007481 -0,2635984 -0,1332549 0,10566772 
0,07693936 -0,2173505 0,05099312 0,06117628 
0,09292456 -0,1792447 0,23124557 0,02515981 
0,01229256 -0,1505119 0,39198102 -0,0015013 
-0,0076086 -0,1308168 0,51842784 -0,018354 
0,04524858 -0,1181869 0,59812315 -0,0254506 
0,04513547 -0,1092073 0,62256247 -0,023415 
-0,0077002 -0,099238 0,58871017 -0,0134913 
-0,0041868 -0,0834372 0,50020826 0,00243203 
0,0450913 -0,0573292 0,36799573 0,02183237 
0,02966968 -0,0181812 0,21016437 0,04160723 
-0,033366 0,03399813 0,05074763 0,05818436 
-0,0214958 0,0955161 -0,0827386 0,0677017 
0,04055897 0,15856764 -0,1630706 0,06627239 
0,01825023 0,21184847 -0,1683539 0,0503528 
-0,0331467 0,24150171 -0,0879564 0,01723336 
0,02164619 0,23489155 0,0715413 -0,0343252 
0,05260478 0,18409079 0,28146805 -0,1032851 
0,00804884 0,09072886 0,48973265 -0,1853261 
0,04050461 -0,0290248 0,62596759 -0,2716098 
-0,0895071 -0,1428044 0,61790024 -0,3472799 
0,033843 -0,207683 0,42534768 -0,3896587 
-0,0247706 -0,1879163 0,10052329 -0,366098 
0,06790984 -0,09767 -0,1136919 -0,2314388 
0,04953604 -0,08223 -0,1678573 0,07497332 
-0,0397598 -0,2121602 -0,2689112 0,07281151 
0,01216093 0,23034339 -0,3593692 0,07881151 
0,04912215 0,32004048 -0,1136572 0,3215674 
-0,0931642 0,26950309 -0,1029733 0,37606894 
-0,0111707 0,1813269 -0,4273895 0,37201245 
0,00836876 0,10123832 -0,6186055 0,374422 
0,12886155 -0,0371602 -0,6254025 0,40765684 
0,0217909 -0,5146566 -0,4883764 0,47250131 
0,02193271 -0,5049595 -0,2798688 0,55792315 
-0,0250975 -0,5554969 -0,0701529 0,64879354 
-0,056514 -0,6436731 0,08883448 0,73061295 
-0,0132876 -0,7237617 0,16861295 0,79207618 
0,02303068 -0,7774424 0,16272045 0,82613262 





-0,0554564 -0,7867331 -0,0518557 0,80487155 
-0,0016523 -0,7435467 -0,2113518 0,75454188 
-0,0166591 -0,6729004 -0,3690719 0,68492611 
-0,0642944 -0,5802816 -0,5010217 0,60284419 
-0,0444682 -0,4726911 -0,589157 0,51522211 
0,00354057 -0,3582136 -0,6225862 0,42840728 
-0,0065362 -0,2453529 -0,5977265 0,34767038 
-0,0418422 -0,1422422 -0,5176567 0,27689413 
-0,0250203 -0,0558666 -0,3909158 0,21843463 
0,01189403 0,00857991 -0,229984 0,17313164 
-0,0085462 0,04811915 -0,0496503 0,14043858 
-0,0468623 0,06215453 0,13456879 0,11864146 
-0,0094563 0,05237828 0,30783614 0,10513594 
0,05530647 0,02245301 0,45714284 0,09673411 
0,02776586 -0,0224775 0,57215443 0,08997608 
-0,0285288 -0,0763813 0,64573964 0,08142506 
0,01695639 -0,1329672 0,67419313 0,06792973 
0,03014357 -0,1862834 0,65718324 0,0468416 
-0,0806436 -0,2312369 0,59746854 0,01617981 
-0,0202983 -0,2639899 0,50043546 -0,0252604 
0,03935148 -0,2822143 0,3735121 -0,0778559 
0,07873349 -0,2851932 0,2255125 -0,1411574 
0,04610974 -0,2737764 0,06596196 -0,2139394 
0,19688535 -0,2502071 -0,0955526 -0,2942924 
-0,1417817 -0,2178453 -0,2499704 -0,3797469 
0,00765702 -0,1808186 -0,3892556 -0,4674226 
-0,0296485 -0,1436358 -0,5067871 -0,5541908 
0,02156527 -0,110794 -0,5976292 -0,6368434 
-0,0140193 -0,0864114 -0,6586815 -0,712258 
-0,0769996 -0,0739105 -0,6887112 -0,7775526 
-0,0179227 -0,0757715 -0,6882776 -0,8302225 
0,00771951 -0,0933689 -0,6595655 -0,8682544 
-0,0636079 -0,1268967 -0,6061437 -0,8902137 
-0,0772518 -0,1753823 -0,5326681 -0,8953024 
-0,0047969 -0,2367811 -0,4445522 -0,8833869 
0,01292908 -0,3081419 -0,3476221 -0,8549946 
-0,0437124 -0,385826 -0,247778 -0,8112824 
-0,0477508 -0,4657627 -0,1506766 -0,7539779 
0,01297985 -0,5437229 -0,0614503 -0,6852991 
0,01310987 -0,6155909 0,01552703 -0,6078533 
-0,0476455 -0,6776181 0,07681813 -0,5245239 
-0,0247706 -0,726643 0,12004108 -0,4383466 





0,04953604 -0,7769649 0,14831489 -0,2695971 
-0,0397598 -0,7761667 0,13409899 -0,1927317 
0,01216093 -0,7582398 0,10311643 -0,1242052 
0,04912215 -0,7244453 0,05800236 -0,0660163 
-0,0931642 -0,6768322 0,00201076 -0,0196694 
-0,0111707 -0,6180922 -0,0611847 0,01387949 
0,00836876 -0,5513841 -0,1277 0,03425407 
0,12886155 -0,4801399 -0,1936491 0,04166601 
0,0217909 -0,4078649 -0,2553428 0,03689967 
-0,0090641 -0,3379442 -0,3094673 0,02127426 
-0,1625715 -0,2734657 -0,3532376 -0,0034148 
-0,0565363 -0,2170708 -0,384517 -0,0349731 
0,0023835 -0,1708386 -0,4019014 -0,0708996 
0,00979546 -0,1362096 -0,4047637 -0,1084912 
-0,0490747 -0,1139496 -0,393259 -0,1449546 
-0,0460381 -0,1041564 -0,3682928 -0,1775222 
-0,0070077 -0,106303 -0,3314521 -0,2035671 
-0,0254774 -0,1193153 -0,2849076 -0,2207121 
-0,058732 -0,1416752 -0,2312899 -0,2269307 
-0,0358276 -0,1715427 -0,1735464 -0,2206334 
0,00053172 -0,2068867 -0,1147882 -0,2007385 
-0,0120566 -0,2456169 -0,0581314 -0,1667228 
-0,0372341 -0,2857067 -0,0065423 -0,1186503 
-0,0181566 -0,3253007 0,0373066 -0,0571793 
0,00900166 -0,3627991 0,07116379 0,01645569 
-0,0142973 -0,3969167 0,09330363 0,10048437 
-0,0440245 -0,4267119 0,10260404 0,19266305 
-0,0053584 -0,4515861 0,09859316 0,29035737 
0,04971843 -0,4712575 0,08146382 0,39064199 
0,02186008 -0,4857114 0,05205643 0,49041385 
-0,0246943 -0,4951296 0,0118078 0,58651462 
0,01881182 -0,4998162 -0,0373263 0,67585798 
0,01747672 -0,5001127 -0,0929753 0,75555643 
0,05532702 -0,4963253 -0,1524786 0,82304237 
0,01482473 -0,4886605 -0,2130246 0,87617863 
-0,009412 -0,4771806 -0,2717935 0,9133531 
0,03850482 -0,4617877 -0,3261061 0,93355318 
0,07214431 -0,4422249 -0,3735597 0,93641602 
0,04628169 -0,4181188 -0,412152 0,9222516 
0,02601155 -0,3890331 -0,4403842 0,89203639 
0,04963925 -0,3545552 -0,4573345 0,84737675 
0,06623666 -0,3143865 -0,4627054 0,79044253 





0,0333804 -0,2169692 -0,4406256 0,65065234 
0,06501304 -0,1605728 -0,4155732 0,57397837 
0,08493982 -0,1003197 -0,3835753 0,49709725 
0,0560083 -0,0377328 -0,3468482 0,42314449 
0,03993971 0,02523998 -0,3077711 0,35497996 
0,07389614 0,08628564 -0,2687214 0,29503248 
0,07653796 0,14285557 -0,231898 0,24516136 
0,02532095 0,19232568 -0,199168 0,2065445 
0,03176935 0,23219514 -0,1719195 0,17960072 
0,08302957 0,26029547 -0,1509466 0,16395467 
0,17528024 0,27496207 -0,1363839 0,15844855 
0,04172878 0,27532288 -0,1276871 0,16120626 
0,01488492 0,26135298 -0,1236668 0,1697492 
-0,0782666 0,23399393 -0,1226117 0,18116239 
0,02656218 0,19515464 -0,1224386 0,19230478 
0,04356155 0,1475951 -0,1209266 0,20005508 
0,11489586 0,0947952 -0,1160099 0,2015753 
-0,0088933 0,04052655 -0,1060588 0,19457967 
0,02326299 -0,0114016 -0,0902084 0,17758123 
0,06843405 -0,0576495 -0,0685916 0,15009474 
-0,0092534 -0,0957553 -0,0426043 0,11276878 
-0,0252386 -0,1244881 -0,0149516 0,06741889 
0,05539344 -0,1441832 0,01043593 0,01693658 
0,07529456 -0,1568131 0,02862937 -0,0349395 
0,02243742 -0,1657927 0,03427802 -0,0840076 
0,02255053 -0,175762 0,02233697 -0,1261253 
0,07538617 -0,1915628 -0,010898 -0,157852 
0,07187277 -0,2176708 -0,0666007 -0,1771458 
0,0225947 -0,2568188 -0,1421969 -0,1840139 
0,03801632 -0,3089981 -0,2302803 -0,1809754 
0,10105204 -0,3705161 -0,3182263 -0,173104 
0,08918184 -0,4335676 -0,3888295 -0,1673589 
0,02712703 -0,4868485 -0,4226089 -0,1707952 
0,04943577 -0,5165017 -0,4036916 -0,1871212 
0,10083266 -0,5098916 -0,3294355 -0,2109156 
0,04603981 -0,4590908 -0,2272717 -0,2186463 
0,01508122 -0,3657289 -0,3399588 -0,1553786 
0,05963716 -0,2459752 -0,3871717 -0,0813702 
0,02718139 -0,1321956 -0,4893355 0,15631308 
0,15719307 -0,067317 -0,5635916 0,21875535 
-0,1374473 -0,0870837 -0,5825089 0,21075731 
-0,0062725 -0,17733 -0,5487295 0,18696029 





-0,0003928 0,16770994 -0,3901803 0,16737536 
0,05150253 0,15427713 -0,3020969 0,17316297 
0,10400291 0,07576284 -0,2265007 0,18102294 
0,00761809 0,05856579 -0,170798 0,18400461 
0,01909094 0,11501015 -0,137563 0,17705149 
0,05866309 0,21399841 -0,125622 0,1576644 
0,0096867 0,31818411 -0,1312706 0,12585193 
-0,0142736 0,39940898 -0,1494641 0,08366967 
0,04206994 0,44360565 -0,1748516 0,03456582 
0,07461318 0,44935648 -0,2025043 -0,0173152 
0,04127817 0,42355816 -0,2284916 -0,0677726 
0,02349519 0,37720384 -0,2501084 -0,1130734 
0,05561063 0,322349 -0,2659588 -0,1503325 
0,07024573 0,26882837 -0,2759099 -0,1777433 
0,03952947 0,22343235 -0,2808266 -0,1946658 
0,0307627 0,18937364 -0,2823386 -0,2015928 
0,07253036 0,16665964 -0,2825117 -0,2000179 
0,08977911 0,15291294 -0,2835668 -0,1922321 
0,04833641 0,14423961 -0,2875871 -0,1810761 
0,03528046 0,13642742 -0,2962839 -0,1696727 
0,08209009 0,12543941 -0,3108466 -0,1611619 
0,07590346 0,10830468 -0,3318195 -0,1584562 
0,01380631 0,08330715 -0,359068 -0,1640303 
0,04540322 0,05015503 -0,391798 -0,1797556 
0,08301022 0,00991937 -0,4286214 -0,2067842 
0,05567781 -0,0352581 -0,4676711 -0,2454857 
0,01476155 -0,0824718 -0,5067482 -0,2954355 
0,01488492 -0,1284077 -0,5434753 -0,3554505 
-0,0782666 -0,1697845 -0,5754732 -0,4236666 
0,02656218 -0,2035747 -0,6005256 -0,4976516 
0,04356155 -0,2273771 -0,6167252 -0,5745428 
0,11489586 -0,2395309 -0,6226054 -0,6512033 
-0,0088933 -0,239217 -0,6172345 -0,7243858 
0,02326299 -0,2264571 -0,6002842 -0,7908964 
0,06843405 -0,2020098 -0,572052 -0,8477502 
-0,0092534 -0,1673233 -0,5334597 -0,8923116 
-0,0252386 -0,1242843 -0,4860061 -0,9224147 
0,05539344 -0,0750685 -0,4316935 -0,9364576 
0,00439959 -0,0219588 -0,3729246 -0,9334685 
0,11171416 0,03282756 -0,3123786 -0,9131424 
-0,001396 0,08727812 -0,2528753 -0,875847 
0,02684051 0,13969832 -0,1972263 -0,8225994 





0,01501082 0,23354849 -0,1078436 -0,6752374 
0,0626806 0,27351623 -0,0784362 -0,585834 
0,0179653 0,30846299 -0,0613068 -0,4896951 
-0,0014433 0,33845876 -0,057296 -0,389908 
0,05254438 0,36376338 -0,0665964 -0,2896312 
0,06287145 0,38473568 -0,0887362 -0,1919668 
0,00803037 0,40175533 -0,1225934 -0,0998385 
-0,0053864 0,41514709 -0,1664423 -0,0158781 
0,03748549 0,42513464 -0,2180314 0,0576739 
0,04054215 0,43180297 -0,2746882 0,11905089 
-0,0054249 0,43509808 -0,3334464 0,16702239 
-0,0055233 0,43484012 -0,3911899 0,20093462 
0,04046245 0,43076271 -0,4448076 0,22072764 
0,02314848 0,42256892 -0,4913521 0,22692899 
-0,0470014 0,40999402 -0,5281928 0,22062434 
-0,0330942 0,39287994 -0,553159 0,20340653 
0,03449381 0,37123937 -0,5646637 0,17730511 
-0,004805 0,34531756 -0,5618014 0,14469925 
-0,032781 0,31563526 -0,544417 0,10821749 
0,07491558 0,28301163 -0,5131376 0,07062801 
0,01285473 0,24856486 -0,4693673 0,03472377 
-0,0019347 0,21368669 -0,4152428 0,00320687 
-0,0931357 0,17999143 -0,3535491 -0,0214236 
-0,0120939 0,14924218 -0,2876 -0,0369757 
-0,0122013 0,12325746 -0,2210847 -0,0416573 
0,02339588 0,10380433 -0,1578892 -0,0341529 
0,04717507 0,09248361 -0,1018976 -0,0136822 
0,01445698 0,09061604 -0,0567836 0,01996213 
-0,0130323 0,09913612 -0,025801 0,06639965 
0,04099219 0,11850232 -0,0115851 0,12467009 
0,04637456 0,14862962 -0,0159735 0,19326523 
0,00565018 0,18885158 -0,0398589 0,2701831 
0,01700886 0,23791515 -0,0830819 0,35300297 
0,05306401 0,29401146 -0,144373 0,43897856 
0,0380576 0,3548425 -0,2213503 0,52514614 
0,00171973 0,41772169 -0,3105766 0,60844356 
0,00934682 0,47970414 -0,407678 0,68583553 
0,03606996 0,5377402 -0,5075221 0,75444039 
0,02333743 0,58884402 -0,6044522 0,81165309 
-0,004603 0,6302674 -0,6925681 0,85525917 
0,01086819 0,65966859 -0,7660437 0,88353465 
0,03986965 0,67526501 -0,8194655 0,89532715 





-0,0374619 0,66143052 -0,8486112 0,86803371 
-0,0166164 0,63217941 -0,8185815 0,82988904 
0,02599307 0,58952778 -0,7575292 0,77711902 
-0,0084347 0,53556406 -0,6666871 0,71174089 
-0,0184161 0,47303891 -0,5491556 0,63626261 
0,06543871 0,40521357 -0,4098704 0,55356848 
0,01976338 0,33566862 -0,2554526 0,46678204 
-0,0253855 0,26808345 -0,093938 0,37911141 
-0,0551938 0,20599951 0,0656125 0,29368402 
-0,0305009 0,15258256 0,2136121 0,21337795 
-0,1446229 0,11040017 0,34053546 0,14065895 
0,11171416 0,08123097 0,43756854 0,07743217 
-0,001396 0,06592123 0,49728324 0,02491743 
0,02684051 0,06430213 0,51429313 -0,0164418 
-0,0119232 0,07517791 0,48583964 -0,0470283 
0,01501082 0,09639077 0,41225443 -0,068053 
0,0626806 0,12496314 0,29724284 -0,0815018 
0,0179653 0,15731218 0,14793614 -0,0900279 
-0,0014433 0,18952539 -0,0253312 -0,0967853 
0,05254438 0,21768021 -0,2095503 -0,1052119 
0,06287145 0,23818546 -0,389884 -0,1187669 
0,00803037 0,24811806 -0,5508158 -0,1406351 
-0,0053864 0,24552643 -0,6775567 -0,1734152 
0,03748549 0,2296712 -0,7576265 -0,2188139 
0,04054215 0,2011761 -0,7824862 -0,2773681 
-0,0054249 0,1620666 -0,749057 -0,3482275 
-0,0055233 0,11568142 -0,6609217 -0,4290246 
0,04046245 0,06645177 -0,5289719 -0,515866 
0,02314848 0,01955539 -0,3712518 -0,6034716 
-0,0470014 -0,0195341 -0,2117557 -0,685488 
-0,0330942 -0,0455691 -0,077986 -0,7549871 
0,03449381 -0,0540744 0,00282045 -0,8051527 
-0,004805 -0,0418637 0,00871295 -0,8301309 
-0,032781 -0,0074645 -0,0710655 -0,8259925 
0,07491558 0,04860392 -0,2300529 -0,7917209 
0,01285473 0,12375067 -0,4397688 -0,7300784 
-0,0019347 0,21345699 -0,6482764 -0,6481471 
-0,0931357 0,31164582 -0,7853025 -0,5572611 
-0,0120939 0,41124129 -0,7785055 -0,471936 
0,01126022 0,504845 -0,5872895 -0,4072909 
0,12744999 0,58542331 -0,2628733 -0,3743044 
0,0471919 0,64688565 -0,2735572 -0,3720682 





-0,0030146 0,69484474 -0,4288112 -0,3206853 
0,04154421 0,67637488 -0,3277573 -0,0758615 
0,03924582 0,62967266 -0,2735919 -0,0725581 
0,00970373 0,5599956 -0,0593767 -0,0719357 
0,0236834 0,48328231 0,26544768 0,23295963 
0,04885382 0,43931478 0,45800024 0,36660894 
0,03151752 0,44775125 0,46606759 0,38954159 
0,00399713 0,03232939 0,32983265 0,34681513 
0,01352526 -0,0880773 0,12156805 0,27099609 
0,03258207 -0,1577544 -0,0883587 0,18469784 
0,01814233 -0,2344677 -0,2478564 0,10272669 
-0,0024138 -0,2784352 -0,3282539 0,03388283 
0,01522125 -0,2003988 -0,3229706 -0,0175416 
0,03772173 0,18457939 -0,2426386 -0,0505287 
0,00845538 0,07154006 -0,1091524 -0,0663314 
-0,0332323 0,08497287 0,05026437 -0,0676673 
-0,0121463 0,16348716 0,20809573 -0,0580841 
0,02309069 0,18068421 0,34030826 -0,0414699 
-0,0098391 0,12423985 0,42881017 -0,0216853 
-0,0161591 0,02525159 0,46266247 -0,0022998 
0,05946837 -0,0789341 0,43822315 0,01358814 
0,01989799 -0,160159 0,35852784 0,02346032 
-0,0202273 -0,2043557 0,23208102 0,02543304 
-0,0556511 -0,2101065 0,07134557 0,01826672 
-0,0652984 -0,1843082 -0,1089069 0,00134192 
0,11171416 -0,1379538 -0,2931549 -0,0253896 
-0,001396 -0,083099 -0,4665548 -0,0614716 
0,02684051 -0,0295784 -0,616077 -0,1060208 
-0,0119232 0,01581765 -0,7313678 -0,1578107 
0,01501082 0,04987636 -0,8052711 -0,215357 
0,0626806 0,07259036 -0,8340554 -0,2770012 
0,0179653 0,08633706 -0,8173682 -0,34099 
-0,0014433 0,09501039 -0,7579451 -0,4055476 
0,05254438 0,10282258 -0,6611567 -0,4689409 
-0,0202273 0,11381059 -0,5344188 -0,5295353 
-0,0556511 0,13094532 -0,3865375 -0,5858409 
-0,0652984 0,15594285 -0,2270358 -0,6365497 
0,11171416 0,18909497 -0,065502 -0,6805626 
-0,001396 0,22933063 0,08899684 -0,7170075 
0,02684051 0,2745081 0,22841668 -0,7452491 
-0,0119232 0,32172182 0,34612442 -0,7648902 
-0,0202273 0,36765774 0,43717216 -0,7757663 





0,02718139 0,44282472 0,52869966 -0,7716549 
0,15719307 0,46662709 0,5284801 -0,7573723 
-0,0462697 0,4787809 0,49996168 -0,7356889 
-0,0351808 0,478467 0,44670369 -0,7073393 
0,0055362 0,46570706 0,37335561 -0,6731613 
0,01508122 0,44125977 0,28532638 -0,6340675 
0,05963716 0,40657334 0,18844051 -0,5910162 
0,02718139 0,36353434 0,08859863 -0,5449838 
0,15719307 0,31431851 -0,0085398 -0,4969381 
-0,0462697 0,26120879 -0,0978381 -0,4478142 
-0,0351808 0,20642244 -0,174916 -0,3984923 
0,0055362 0,15197188 -0,2363294 -0,3497789 
0,08918184 0,09955168 -0,2796883 -0,3023906 
0,02712703 0,05048678 -0,3037154 -0,2569414 
0,04943577 0,00570151 -0,3082434 -0,2139334 
0,10083266 -0,0342662 -0,2941576 -0,1737509 
0,04603981 -0,069213 -0,2632893 -0,1366578 
0,01508122 -0,0992088 -0,2182685 -0,1027981 
0,05963716 -0,1245134 -0,1623451 -0,0721998 
0,02718139 -0,1454857 -0,0991903 -0,0447811 
0,15719307 -0,1625053 -0,0326874 -0,0203598 
-0,0462697 -0,1758971 0,03327728 0,00133571 
-0,0351808 -0,1858846 0,09501233 0,02065358 
0,0055362 -0,192553 0,14920102 0,03800357 
0,05165725 -0,1958481 0,19305395 0,05384164 
0,09714044 -0,1955901 0,22442964 0,06865362 
0,01021236 -0,1915127 0,24191837 0,08293858 
0,01747672 -0,1833189 0,24488727 0,09719232 
0,05532702 -0,170744 0,23348604 0,1118914 
0,01482473 -0,1536299 0,20861452 0,12747791 
-0,009412 -0,1319894 0,17185517 0,14434547 
0,03850482 -0,1060676 0,12537472 0,16282667 
0,07214431 -0,0763853 0,07180054 0,18318226 
0,04628169 -0,0437616 0,01407835 0,20559225 
0,02601155 -0,0093149 -0,0446818 0,23014919 
0,04963925 0,02556331 -0,1013633 0,25685367 
0,06623666 0,05925857 -0,1529984 0,28561217 
0,04433228 0,09000782 -0,196912 0,31623734 
0,0333804 0,11599254 -0,2308491 0,34845061 
0,06501304 0,13544567 -0,2530801 0,38188711 
0,08493982 0,14676639 -0,2624781 0,41610283 
0,0560083 0,14863396 -0,2585663 0,45058377 





0,07389614 0,12074768 -0,2122126 0,51800336 
0,07653796 0,09062038 -0,1720391 0,54967128 
0,02532095 0,05039842 -0,1229642 0,579092 
0,03176935 0,00133485 -0,0673553 0,60559518 
0,08302957 -0,0547615 -0,0078711 0,62852501 
0,17528024 -0,1155925 0,0526767 0,64725633 
0,04172878 -0,1784717 0,1114688 0,66121024 
0,01488492 -0,2404541 0,1658238 0,66986914 
-0,0782666 -0,2984902 0,21333649 0,67279051 
0,02656218 -0,349594 0,25200153 0,66961929 
0,04356155 -0,3910174 0,28031579 0,66009846 
0,11489586 -0,4204186 0,2973537 0,64407754 
-0,0088933 -0,436015 0,30281078 0,6215187 
0,02326299 -0,4367095 0,29701209 0,59250034 
0,06843405 -0,4221805 0,28088427 0,55721795 
-0,0092534 -0,3929294 0,25589135 0,51598209 
-0,0252386 -0,3502778 0,22393678 0,46921351 
0,05539344 -0,2963141 0,18723625 0,41743541 
0,07529456 -0,2337889 0,14816755 0,36126296 
0,02243742 -0,1659636 0,10910606 0,3013902 
0,02255053 -0,0964186 0,07225561 0,23857462 
0,07538617 -0,0288335 0,03948604 0,17361982 
0,07187277 0,03325049 0,01218942 0,10735645 
0,0225947 0,08666744 -0,0088331 0,04062218 
0,03801632 0,12884983 -0,0234423 -0,0257589 
0,10105204 0,15801903 -0,0321793 -0,0909968 
0,08918184 0,17332877 -0,0362249 -0,1543552 
0,02712703 0,17494787 -0,0372935 -0,21517 
0,04943577 0,16407209 -0,0374639 -0,2728648 
0,10083266 0,14285923 -0,0389509 -0,3269636 
0,04603981 0,11428686 -0,0438295 -0,3771003 
0,01508122 0,08193782 -0,0537316 -0,4230225 
0,05963716 0,04972461 -0,0695395 -0,4645902 
0,02718139 0,02156979 -0,0911105 -0,5017693 
0,15719307 0,00106454 -0,1170724 -0,5346174 
-0,1374473 -0,0088681 -0,1447336 -0,5632638 
-0,0062725 -0,0062764 -0,1701551 -0,5878811 
-0,0346551 0,0095788 -0,1884275 -0,6086514 
-0,0003928 0,0380739 -0,1941875 -0,6257243 
0,05150253 0,0771834 -0,1823897 -0,6391699 
0,10400291 0,12356858 -0,1493181 -0,6489263 
0,00761809 0,17279823 -0,0937739 -0,6547445 





0,05866309 0,25878412 0,06975375 -0,652294 
0,0096867 0,28481911 0,15779913 -0,6420919 
-0,0142736 0,29332444 0,2285811 -0,6239944 
0,04206994 0,28111366 0,26271579 -0,5960559 
0,07461318 0,24671452 0,24418146 -0,5559114 
0,04127817 0,19064608 0,17028717 -0,5007998 
0,02349519 0,11549933 0,06810573 -0,4276255 
0,05561063 0,02579301 -0,0800051 -0,3330664 
0,07024573 -0,0723958 -0,3414209 -0,2137413 
0,03952947 -0,1719913 -0,4168938 -0,0664502 
0,0307627 -0,265595 0,36512206 0,09102902 
0,07253036 -0,3461733 0,54960089 0,19128924 
0,08977911 -0,4076357 0,43605913 0,22023737 
0,04833641 -0,4452078 0,21462748 0,17191789 
0,03528046 -0,4555947 -0,0032847 0,14116068 
0,08209009 -0,4371249 -0,1611273 0,12351381 
0,07590346 -0,3904227 -0,2389371 0,11517971 
0,01380631 -0,3207456 -0,2396166 0,11295468 
0,04540322 -0,2440323 -0,1788793 0,11417173 
0,08301022 -0,2000648 -0,0781144 0,11664671 
0,05567781 -0,1710125 0,04045878 0,11862759 
0,01476155 -0,1410794 0,15686796 0,11874693 
0,01488492 0,27942416 0,25513304 0,11597735 
-0,0782666 0,19993156 0,32402994 0,10959002 
0,02656218 0,24365757 0,35716174 0,09911608 
0,04356155 0,32023712 0,35256523 0,08431079 
0,11489586 0,39005409 0,31203094 0,06512053 
-0,0088933 0,43694546 0,240276 0,04165231 
0,02326299 0,45556633 0,14407168 0,01414593 
0,06843405 0,44539683 0,03139983 -0,0170515 
-0,0092534 0,40801124 -0,08931 -0,0515086 
-0,0252386 0,34669628 -0,2098327 -0,0887308 
0,05539344 0,26624429 -0,3226697 -0,1281785 
0,07529456 0,17266418 -0,4214387 -0,1692846 
0,02243742 0,0731027 -0,5011315 -0,2114683 
0,02255053 -0,0251006 -0,5582524 -0,2541487 
0,07538617 -0,1148544 -0,5908486 -0,2967559 
0,07187277 -0,1901673 -0,5984515 -0,33874 
0,0225947 -0,2463579 -0,5819455 -0,3795799 
0,03801632 -0,2809566 -0,5433825 -0,4187895 
0,10105204 -0,2932573 -0,4857599 -0,455923 
0,08918184 -0,2849652 -0,4127779 -0,4905789 





0,04943577 -0,2200092 -0,2375631 -0,5510921 
0,10083266 -0,1731628 -0,1440462 -0,5763906 
0,04603981 -0,1239361 -0,0521748 -0,5980952 
0,01508122 -0,0774907 0,03430329 -0,6160523 
0,05963716 -0,0382954 0,11216271 -0,6301568 
0,02718139 -0,0097242 0,17880103 -0,6403505 
0,15719307 0,0062296 0,23230153 -0,6466197 
0,033843 0,00891229 0,27146091 -0,6489927 
0,04050461 -0,0009532 0,29578392 -0,6475361 
-0,0895071 -0,0213734 0,30544841 -0,6423521 
0,11395567 -0,0494914 0,30124518 -0,6335743 
0,10286684 -0,0816881 0,28449716 -0,6213645 
0,0621498 -0,1140556 0,25696313 -0,6059083 
0,05260478 -0,1426664 0,22073109 -0,5874118 
0,00804884 -0,1639417 0,1781062 -0,5660971 
0,04050461 -0,1749108 0,13149829 -0,5421991 
-0,0895071 -0,1733915 0,08331313 -0,5159616 
0,11395567 -0,1581843 0,03585154 -0,4876333 
0,10286684 -0,1291177 -0,0087805 -0,4574653 
0,0621498 -0,0870246 -0,0487479 -0,4257072 
-0,0214958 -0,0336828 -0,0825469 -0,3926046 
0,04055897 0,02834932 -0,1090484 -0,3583965 
0,01825023 0,09590752 -0,1275236 -0,3233125 
-0,0331467 0,16545588 -0,1376523 -0,2875713 
0,02164619 0,2333091 -0,1395142 -0,2513787 
0,05260478 0,29588893 -0,1335643 -0,2149261 
0,00804884 0,34992852 -0,1205945 -0,1783895 
0,04050461 0,39267273 -0,1016839 -0,141929 
-0,0895071 0,42202936 -0,0781384 -0,1056878 
0,11395567 0,43666892 -0,0514247 -0,0697927 
0,10286684 0,43608578 -0,0230999 -0,0343538 
0,0621498 0,42059346 0,00526014 0,00053463 
0,01602875 0,39128555 0,03213121 0,03479383 
-0,0294544 0,34993923 0,0561062 0,06835908 
0,05747364 0,29889369 0,07595471 0,1011787 
0,05020928 0,24089462 0,0906737 0,13321247 
0,01235898 0,17892686 0,09952786 0,16443004 
0,05286127 0,11604092 0,10207816 0,19480902 
0,07709803 0,05518271 0,09819786 0,2243331 
0,02918118 -0,0009582 0,08807542 0,25298992 
-0,0044583 -0,0500808 0,07220431 0,28076905 
0,02140431 -0,0903721 0,0513603 0,30765976 





0,01804675 -0,1400186 -0,0009483 0,35871895 
0,00144934 -0,1486144 -0,0298089 0,38284568 
0,02335372 -0,1468169 -0,0585473 0,40599658 
0,0343056 -0,1355576 -0,0856699 0,42812899 
0,00267296 -0,1161554 -0,1097226 0,44918852 
-0,0172538 -0,0902096 -0,1293557 0,46910777 
0,0116777 -0,0594865 -0,1433858 0,48780526 
0,02774629 -0,0258051 -0,1508512 0,50518464 
-0,0062101 0,00907092 -0,1510597 0,52113425 
-0,008852 0,0380739 -0,1436258 0,53552702 
0,04236505 0,0771834 -0,1284953 0,54822074 
0,03591665 0,12356858 -0,1059578 0,55905877 
-0,0153436 0,17279823 -0,0766431 0,56787108 
-0,1075942 0,21969461 -0,0415042 0,57447583 
0,02595722 0,25878412 -0,0017849 0,57868132 
0,05280108 0,28481911 0,04102567 0,5802884 
0,14595255 0,29332444 0,08525165 0,57909337 
0,04112382 0,28111366 0,12909902 0,57489126 
0,02412445 0,24671452 0,17073241 0,56747962 
-0,0472099 0,19064608 0,20835685 0,55666264 
0,07657927 0,11549933 0,24030108 0,54225576 
0,04442301 0,02579301 0,26509894 0,5240905 
-0,0007481 -0,0723958 0,28156471 0,50201975 
0,07693936 -0,1719913 0,28885876 0,4759232 
0,09292456 -0,265595 0,28653947 0,44571308 
0,01229256 -0,3461733 0,27459817 0,41133994 
-0,0076086 -0,4076357 0,25347409 0,37279852 
0,04524858 -0,4452078 0,22404688 0,33013362 
0,04513547 -0,4555947 0,18760554 0,28344575 
-0,0077002 -0,4371249 0,14579323 0,23289656 
-0,0041868 -0,3904227 0,10052903 0,17871392 
0,0450913 -0,3207456 0,05390887 0,12119639 
0,02966968 -0,2440323 0,00808948 0,06071708 
-0,033366 -0,2000648 -0,0348394 -0,0022734 
-0,0214958 -0,1710125 -0,0729874 -0,0672451 
0,04055897 -0,1410794 -0,1047924 -0,1335878 
0,01825023 0,27942416 -0,1291367 -0,2006123 
-0,0331467 0,19993156 -0,1454388 -0,2675523 
0,02164619 0,24365757 -0,1537114 -0,3335694 
0,05260478 0,32023712 -0,1545742 -0,3977595 
0,00804884 0,39005409 -0,1492116 -0,4591624 
0,04050461 0,43694546 -0,1392684 -0,5167734 





0,20513326 0,44539683 -0,1134373 -0,6164759 
0,07395847 0,40801124 -0,1012951 -0,6564931 
0,10234114 0,34669628 -0,0914435 -0,6886197 
0,06807879 0,26624429 -0,0841715 -0,7119366 
0,01618347 0,17266418 -0,0785688 -0,7256335 
-0,0363169 0,0731027 -0,0723342 -0,7290518 
0,06006791 -0,0251006 -0,0617787 -0,721734 
0,04859506 -0,1148544 -0,0421435 -0,703479 
0,00902291 -0,1901673 -0,008389 -0,6744056 
0,0579993 -0,2463579 0,04335033 -0,6350235 
0,08195962 -0,2809566 0,11339772 -0,586313 
0,02561606 -0,2932573 0,19494868 -0,5298138 
-0,0069272 -0,2849652 0,26889663 -0,4677237 
0,02640783 -0,2589911 0,29661932 -0,4030081 
0,04419081 -0,2200092 0,21018597 -0,3395208 
0,01207537 -0,1731628 0,19934104 -0,2821366 
-0,0025597 -0,1239361 0,08569735 -0,236898 
0,02815653 -0,0774907 0,06608166 -0,2111742 
0,0369233 -0,0382954 -0,0886947 -0,1582768 
-0,0048444 -0,0097242 0,0731834 0,17830061 
-0,0220931 0,0062296 0,25906733 0,21473556 
0,01934959 0,00891229 0,35090433 0,17766501 
0,03240554 -0,0009532 0,32928987 0,15378652 
-0,0144041 -0,0213734 0,22306362 0,16031154 
-0,0082175 -0,0494914 0,07752722 0,18595931 
0,05387969 -0,0816881 -0,0639275 0,21289593 
0,02228278 -0,1140556 -0,1690583 0,22688548 
-0,0153242 -0,1426664 -0,2199248 0,22059477 
0,01200819 -0,1639417 -0,2122922 0,19329876 
0,05292445 -0,1749108 -0,1530208 0,1490254 
0,05280108 -0,1733915 -0,0565221 0,09433796 
0,14595255 -0,1581843 0,05883735 0,03638709 
0,04112382 -0,1291177 0,17395105 -0,0184995 
0,02412445 -0,0870246 0,27154195 -0,0656423 
-0,0472099 -0,0336828 0,33795721 -0,1023234 
0,07657927 0,02834932 0,36421174 -0,1277151 
0,04442301 0,09590752 0,34635637 -0,1425603 
-0,0007481 0,16545588 0,28527284 -0,1487301 
0,07693936 0,2333091 0,18606044 -0,1487577 
0,09292456 0,29588893 0,05711783 -0,1454158 
0,01229256 0,34992852 -0,0909139 -0,1413799 
-0,0076086 0,39267273 -0,2462639 -0,1389945 





0,04513547 0,43666892 -0,532376 -0,1461809 
-0,0077002 0,43608578 -0,6427633 -0,1579969 
-0,0041868 0,42059346 -0,7210322 -0,1760334 
0,0450913 0,39128555 -0,7624893 -0,2003911 
0,02966968 0,34993923 -0,7650925 -0,230909 
-0,033366 0,29889369 -0,7293997 -0,267238 
-0,0214958 0,24089462 -0,6583529 -0,3088932 
0,04055897 0,17892686 -0,5569293 -0,3552826 
0,01825023 0,11604092 -0,4316999 -0,4057134 
-0,0331467 0,05518271 -0,2903245 -0,4593805 
0,02164619 -0,0009582 -0,1410288 -0,5153437 
0,05260478 -0,0500808 0,00791191 -0,5725031 
0,00804884 -0,0903721 0,14865124 -0,6295793 
0,04050461 -0,1205749 0,27418975 -0,6851063 
-0,0895071 -0,1400186 0,37871412 -0,7374428 
0,033843 -0,1486144 0,4578461 -0,7848043 
 










0,1417817 0,82407903 0 0,09039823 
0,07699961 0,4633259 0,01401932 0,03983875 
0,06360786 0,48242399 0,07699961 0,03356087 
0,07725177 0,42565931 0,00165225 0,06351497 
0,04775077 0,45445847 0,01665909 0,11682354 
0,04764547 0,49262031 0,06429438 0,17991697 
0,09316421 0,53892528 0,04446823 0,24137934 
0,05651405 0,59089315 -0,0035406 0,29347037 
0,04834535 0,64516924 0,00653617 0,33252793 
0,05545643 0,6979594 0,04184222 0,35855681 
0,06429438 0,7454589 0,01792272 -0,2100912 
0,08064358 0,78423115 -0,0077195 -0,176348 
0,16257154 0,8115061 0,06360786 -0,1272167 
0,05653629 0,82538055 0,07725177 -0,0651022 
0,04907467 0,82491579 0,16257154 0,00682862 
0,05873198 0,81013781 0,05653629 0,08482083 
0,07275568 0,78195354 -0,0023835 0,16476147 
0,06790984 0,7420023 -0,0097955 0,24241457 
0,04953604 0,692464 0,04907467 0,31371585 
0,04912215 0,63584678 0,04603809 0,3750283 
0,12886155 0,57477493 0,00700771 0,4234112 





0,07873349 0,44921514 0,05873198 0,47430062 
0,19688535 0,43081336 0,03582763 0,47604691 
0,04971843 0,44375503 0,1417817 -0,0914865 
0,07933774 0,44582113 -0,007657 -0,1846018 
0,09208352 0,43594094 0,02964846 -0,2351613 
0,10286684 0,45682105 -0,0215653 -0,2414391 
0,0621498 0,47430062 0,01401932 -0,211485 
0,05260478 0,47604691 -0,0215653 -0,1581765 
0,11395567 0,46343875 -0,0325366 -0,095083 
0,05747364 0,4389844 -0,0793377 -0,0336207 
0,05020928 0,47403767 -0,0296485 0,01847037 
0,05286127 0,52788408 0,02156527 0,05752793 
0,07709803 0,57269093 -0,0483454 0,08355681 
0,05280108 0,60254619 -0,0554564 -0,3401022 
0,14595255 0,61207735 -0,0016523 -0,2681714 
0,07657927 0,59793861 -0,0166591 -0,1901792 
0,07693936 0,55816997 -0,0642944 -0,1102385 
0,09292456 0,49358313 0,00979546 -0,0325854 
0,20513326 0,4704589 -0,0490747 0,03871585 
0,07395847 0,50923115 -0,0460381 0,1000283 
0,10234114 0,5365061 -0,0070077 0,1484112 
0,06807879 0,55038055 -0,0254774 0,18182105 
0,06006791 0,54991579 0,02156527 0,19930062 
0,04859506 0,53513781 -0,0140193 0,20104691 
0,0579993 0,50695354 -0,0769996 0,18843875 
0,08195962 0,4670023 -0,0179227 0,1639844 
0,05387969 0,44876168 0,07933774 0,13109844 
0,05292445 0,50244239 0,09208352 0,09389438 
0,05532702 0,52367211 -0,1417817 -0,5554969 
0,07214431 0,51173307 -0,0895071 -0,6436731 
0,04963925 0,46854672 -0,0172538 -0,7237617 
0,06623666 0,451643 0,0116777 -0,7774424 
0,06501304 0,48526496 0,02774629 -0,7986721 
0,08493982 0,50196489 -0,0062101 -0,7867331 
0,0560083 0,50116668 -0,008852 -0,7435467 
0,07389614 0,48323976 0,04419081 -0,6729004 
0,07653796 0,44944529 0,01207537 -0,5802816 
0,08302957 0,44360565 -0,0025597 -0,4951296 
0,17528024 0,44935648 0,02815653 -0,4998162 
0,11489586 0,42513464 0,0369233 -0,5001127 
0,06843405 0,43180297 -0,0048444 -0,4963253 
0,05539344 0,43509808 -0,0220931 -0,4886605 





0,07538617 0,43076271 0,03240554 -0,4617877 
0,07187277 0,47970414 -0,0076086 -0,4422249 
0,10105204 0,5377402 0,04524858 -0,4181188 
0,08918184 0,58884402 0,04513547 -0,3890331 
0,04943577 0,6302674 -0,0077002 -0,3545552 
0,10083266 0,65966859 -0,0041868 -0,3143865 
0,05963716 0,67526501 0,00804884 -0,2684465 
0,15719307 0,67595945 0,04050461 -0,2169692 
0,05150253 0,66143052 -0,0895071 0,41772169 
0,10400291 0,63217941 0,033843 0,47970414 
0,05866309 0,58952778 0,05530647 0,5377402 
0,07461318 0,53556406 0,02776586 0,58884402 
0,05561063 0,47303891 -0,0285288 0,6302674 
0,07024573 0,504845 0,01695639 0,65966859 
0,07253036 0,58542331 0,03014357 0,67526501 
0,08977911 0,64688565 -0,0806436 0,67595945 
0,04833641 0,68445777 -0,0202983 0,66143052 
0,08209009 0,69484474 0,11171416 0,63217941 
0,07590346 0,67637488 -0,001396 0,58952778 
0,08301022 0,62967266 0,02684051 0,53556406 
0,05567781 0,5599956 -0,0119232 0,47303891 
0,11171416 0,48328231 0,04885382 0,05039842 
0,0626806 0,43931478 0,03151752 0,00133485 
0,05254438 0,44775125 -0,0098391 -0,0547615 
0,06287145 0,44282472 -0,0161591 -0,1155925 
0,07491558 0,46662709 0,05946837 -0,1784717 
0,04717507 0,4787809 -0,0202273 -0,2404541 
0,05306401 0,478467 -0,0556511 -0,2984902 
0,06543871 0,46570706 0,02718139 -0,349594 
0,12744999 0,44125977 0,15719307 -0,3910174 
0,0471919 0,43694546 -0,0462697 -0,4204186 
0,04885382 0,45556633 -0,0351808 -0,436015 
0,05946837 0,44539683 0,07253036 -0,4367095 
0,05165725 0,43666892 0,08977911 0,28481911 
0,09714044 0,43608578 0,033843 0,29332444 
 
Comparison of standard wave and sampled wave records 
 
Beta Alpha Theta Delta 
0 1,72292033 0,35214431 -0,0421353 0,1988065 -0,5281209 0,20068075 0,53268571 
0,1417817 -0,9680264 0,4100719 0,64626314 0,2237460 1,00411348 0,16989196 -0,2410159 





0,02964846 -0,1255807 0,43259941 0,44295247 0,3564772 0,31770601 0,17567184 0,36533264 
-0,0215653 -0,0080738 0,39535348 0,02092786 0,4294875 0,21684213 0,19177982 0,12707917 
0,01401932 -0,0231396 0,33158723 0,54646444 0,4706787 -0,5804826 0,20594635 0,26352931 
0,07699961 -0,0021237 0,25046792 0,12309237 0,4294875 0,48595231 0,21290028 1,10114202 
0,01792272 0,09285284 0,16391661 0,16887628 0,2485071 -0,5373373 0,20961224 -0,4514687 
-0,0077195 0,02430605 0,08514382 0,46482565 0,0893341 0,86998462 0,19504304 0,49633346 
0,06360786 -0,0264969 0,02695576 -0,0370185 -0,0085491 -0,0090657 0,1697736 -0,0961876 
0,07725177 0,06622647 0 0,7305681 -0,0545073 0,23612109 0,13558181 -0,1535322 
0,00479691 0,10153844 0,01101464 -0,6470337 -0,0613046 0,20204994 0,09501481 0,36250455 
-0,0129291 0,00812652 0,06158154 1,24157796 -0,0422375 -0,5305326 0,05099073 0,90230421 
0,04371238 -0,0277684 0,14729869 -0,5587184 -0,0093369 0,49922428 0,00645249 -0,7201349 
0,04775077 0,04744544 0,25789896 0,90230457 0,0276274 0,01688825 -0,0359132 0,61041873 
-0,0129799 0,06545143 0,37788477 -0,2034552 0,0615576 -0,0175654 -0,0738862 0,296233 
-0,0131099 -0,0153093 0,48828988 0,42879413 0,0880323 0,13736856 -0,1058516 -0,3811946 
0,04764547 -0,0296024 0,56907697 0,02351984 0,1050416 0,16437771 -0,1308721 0,4815908 
0,02477063 0,04965306 0,6019404 0,5417776 0,1125653 0,19179989 -0,1487006 -0,1800747 
-0,0679098 0,03675063 0,57352748 0,12334803 0,1120767 -0,4872047 -0,1597412 -0,4202808 
-0,049536 -0,0793162 0,47827805 0,17232732 0,1060336 0,51037095 -0,1649703 0,48573596 
0,03975983 -0,0661066 0,32078662 0,46004389 0,0974002 -0,2542623 -0,1658276 0,82776476 
-0,0121609 0,04931795 0,11658515 -0,0198807 0,0892298 0,99845906 -0,1640865 -0,7210754 
-0,0491222 -0,0016029 -0,1077334 0,74393889 0,0843246 -0,4178032 -0,161715 0,61940603 
0,09316421 -0,0615713 0,09373732 -0,6259185 0,0849802 0,29626225 -0,1607355 -0,2033045 
0,01117074 0,08956814 0,49917702 1,20601793 0,0928161 0,21599465 -0,1630903 -0,1927058 
-0,0083688 0,01887058 0,84539352 0,38051054 0,1086869 -0,5671969 -0,1705206 0,41854539 
-0,1288616 0,00852836 1,09632581 0,77878453 0,1326648 0,4890488 -0,1844626 0,04694798 
-0,0217909 -0,0567665 1,23161298 -0,2303129 0,1640838 0,17807703 -0,2059661 -0,6078316 
-0,0219327 0,01740271 1,24679692 0,42616033 0,2016327 -0,0574905 -0,2356358 0,57060561 
0,02509749 -0,0219327 1,15167014 0,03071881 0,2434826 0,12604706 -0,2735981 -9,245E-06 
0,05651405 0,02509749 0,96725791 0,54076342 0,2874385 0,19205 -0,3194928  
0,01328761 0,05651405 0,72198133 0,1294023 0,3311015 0,19436391 -0,3724883  
-0,0230307 0,01328761 0,44754245 0,15521314 0,3720316 -0,504213 -0,4313187  
0,04834535 -0,0230307 0,1750125 0,47686774 0,4079014 0,50619909 -0,4943398  
0,05545643 0,04834535 -0,0684889 -0,059844 0,4366335 0,01452959 -0,559601  
0,00165225 0,05545643 -0,2622555 0,71963326 0,4565163 0,99234142 -0,6249296  
0,01665909 0,00165225 0,10476183 -0,6683285 0,4662925 -0,7002358 -0,6880229  
0,06429438 0,01665909 1,1101613 1,27282011 0,4652193 0,34656494 -0,7465452  
0,04446823 0,06429438 1,66819042 0,83046508 0,4530988 0,22628963 -0,7982244  
-0,0035406 0,04446823 1,77924272 0,67493509 0,4302795 -0,5979572 -0,8409461  
0,00653617 -0,0035406 1,52217245 -0,211161 0,3976297 0,48070893 -0,8728398  
0,04184222 0,00653617 1,0202446 0,44259957 0,3564874 0,02305452 -0,892356  
0,02502027 0,04184222 0,41023057 0,01822447 0,3085881 0,77290481 -0,8983297  
-0,011894 0,02502027 -0,1820216 0,54590973 0,2559771 -0,20781 -0,8900299  





0,04686228 0,00854617 -0,9555456 0,17580043 0,1457407 0,2095483 -0,8300355  
0,00945626 0,04686228 -1,0495309 0,45785499 0,0928220 -0,556956 -0,7792564  
-0,0553065 0,00945626 -1,2791625 -0,0192847 0,0443890 0,4922484 -0,7160132  
-0,0277659 -0,0553065 -1,2383207 0,74199958 0,0024648 0,01927344 -0,6418869  
0,02852884 -0,0277659 0,10476183 -0,6278258 -0,0312297 0,45085521 -0,5588301  
-0,0169564 0,02852884 1,1101613 1,21091672 -0,0553491 -0,452053 -0,469101  
-0,0301436 -0,0169564 1,66819042 0,07233562 -0,0689809 0,30614037 -0,3751868  
0,08064358 -0,0301436 1,77924272 0,78102296 -0,0716831 0,21694713 -0,2797171  
0,02029831 0,08064358 1,52217245 -0,2252263 -0,0635016 -0,5736475 -0,1853728  
-0,0393515 0,02029831 1,0202446 0,4270718 -0,0449668 0,48746753 -0,0947912  
-0,0787335 -0,0393515 0,41023057 0,02931034 -0,0170695 -1,2136492 -0,0104715  
-0,0461097 -0,0787335 -0,1820216 0,54098083 0,0187822 1,40067369 0,06531605  
-0,1968854 -0,0461097 -0,658091 0,12833202 0,0608239 -0,3990644 0,13061439  
0,1417817 -0,1968854 -0,9555456 0,15817313 0,1070106 0,33830802 0,18385456  
-0,007657 0,1417817 -1,0495309 0,47399355 0,1551053 0,21925662 0,22391823  
0,02964846 -0,007657 -0,9489358 -0,0530582 0,2027757 -0,5930093 0,25018564  
-0,0215653 0,02964846 -0,688922 0,72375386 0,2476961 0,48280678 0,26256697  
0,01401932 -0,0215653 -0,3215799 -0,6611884 0,2876503 -0,2974536 0,26151568  
0,07699961 0,01401932 0,09373732 1,26158915 0,3206317 1,70467114 0,24802268  
0,01792272 0,07699961 0,49917702 0,40027545 0,3449362 -0,4731438 0,22359108  
-0,0077195 0,01792272 0,84539352 0,93483187 0,3592446 0,32156493 0,19019162  
0,06360786 -0,0077195 1,09632581 -0,2413037 0,3626903 0,21996089 0,15019958  
0,07725177 0,06360786 1,23161298 0,41333497 0,3549104 -0,582315 0,10631456  
0,00479691 0,07725177 1,24679692 0,03941418 0,3360758 0,48510573 0,06146513  
-0,0129291 0,00479691 1,15167014 0,53704836 0,3069010 0,02160179 0,01870102  
0,04371238 -0,0129291 0,96725791 0,13503247 0,2686298  -0,0189242  
0,04775077 0,04371238 0,72198133 0,14192243 0,2229983  -0,0484761  
-0,0129799 0,04775077 0,44754245 0,48899858 0,1721753  -0,0672646  
-0,0131099 -0,0129799 0,1750125 -0,0853365 0,1186805  -0,0729664  
0,04764547 -0,0131099 -0,0684889 0,70576006 0,0652841  -0,0637406  
0,02477063 0,04764547 -0,2622555 -0,693526 0,0148900  -0,0383329  
-0,0679098 0,02477063 -0,393452 1,31105579 -0,0295939  0,00383589  
-0,049536 -0,0679098 -0,4575441 0,00533178 -0,0653927  0,06260231  
0,03975983 -0,049536 -0,4577853 0,76591995 -0,0900045  0,13701632  
-0,0121609 0,03975983 -0,4039246 -0,2351873 -0,1013379  0,22532563  
-0,0491222 -0,0121609 -0,3103609 0,42658809 -0,0978406  0,32499063  
0,09316421 -0,0491222 -0,1939997 0,0314871 -0,0786125  0,43273214  
0,01117074 0,09316421 -0,0720625 0,54097085 -0,0434994  0,5446132  
-0,0083688 0,01117074 0,03990933 0,13014027 0,0068416  0,65615502  
-0,1288616 -0,0083688 0,12967033 0,15282657 0,0709070  0,7624859  
-0,0217909 -0,1288616 0,18937011 0,4793146 0,1463494  0,85852082  
0,00906411 -0,0217909 0,21605616 -0,0661159 0,2300191  0,93916797  





0,05653629 0,02509749 0,18199491 -0,6752284 0,4059768  1,03528076  
-0,0023835 0,05651405 0,13641646 1,28380662 0,4889237  1,04264758  
-0,0097955 0,01328761 0,08572629 0,92585921 0,5617922  1,0189254  
0,04907467 -0,0230307 0,04104543 0,73757876 0,6195143  0,96257616  
0,04603809 0,04834535 0,01228605 -0,2097712 0,6573193  0,87346262  
0,00700771 0,05545643 0,00691353 0,44747174 0,6710218  0,75301683  
0,02547736 0,00165225 0,02902097 0,01429531 0,6573153  0,60435617  
0,05873198 0,01665909 0,07885874 0,54817457 0,6140584  0,43233356  
0,03582763 0,06429438 0,15282392 0,11781778 0,5405380  0,24350822  
-0,0005317 0,04446823 0,24390649 0,18303278 0,4376922  0,19419006  
0,01205664 -0,0035406 0,34258983 0,45116428 0,3082729  0,1836126  
0,03723409 0,00653617 0,43801366 -0,0056555 0,1569312  0,17824894  
0,01815661 0,04184222 0,51937861 0,74907538 -0,0097957  0,1672343  
-0,0090017 0,02502027 0,5773062 -0,6143135 -0,1836126  0,1569312  
0,01429735 -0,011894 0,60513549 1,19051783 -0,3547272  0,1417817  
0,0440245 0,00854617 0,59983371 0,75596466 -0,5122527  0,12047615  
0,00535842 0,04686228 0,56258778 0,53072154 -0,6447633  0,10377366  
-0,0497184 0,00945626 0,49882153 -0,2061203 -0,7409971  0,089373  
-0,0218601 -0,0553065 0,41770222 0,46802298 -0,7907010  0,07275568  
0,02469427 -0,0277659 0,33115092 0,0026983 -0,7855909  0,02047615  
-0,0188118 0,02852884 0,25237812 0,55473044 -0,7203923  -0,0325366  
-0,0271617 -0,0169564 0,19419006 0,11068106 -0,5939027  -0,0793377  
0,07275568 -0,0301436 0,1672343 0,19825011 -0,4099967  -0,0920835  
0,02047615 0,08064358 0,17824894 0,43791673 -0,1784671  -0,2082729  
-0,0325366 0,02029831 0,22881585 0,01913315 0,0844380  -0,2288158  
-0,0793377 -0,0393515 0,31453299 0,76078137 0,3559580  -0,2523781  
-0,0920835 -0,0787335 0,42513326 -0,591593 0,6074647  -0,3082729  
0,1417817 -0,0461097 0,54511908 1,15746141 0,8060810  -0,3547272  
-0,007657 -0,1968854 0,65552419 0,3269836 0,9176035  -0,3723409  
0,02964846 0,1417817 0,73631128 0,96519252 0,9111268  -0,4099967  
-0,0215653 -0,007657 0,7691747 -0,2327026 0,7658426  -0,5939027  
0,01401932 0,02964846 0,74076178 0,40743137 0,4805731  -0,6447633  
0,07699961 -0,0215653 0,64551236 0,04107876 0,0866960  -0,7353037  
0,01792272 0,01401932 0,48802093 0,53476651 -0,3347754  -0,7334622  
-0,0077195 0,07699961 0,21425999 0,13571917 -0,6310673  -0,7316206  
0,06360786 0,01792272 -0,0595009 0,14192596 -0,5494533  -0,7297791  
-0,0325366 -0,0077195 -0,0399093 0,48835095 0,2476961  -0,7279376  
-0,0793377 0,06360786 -0,0720625 -0,0809485 0,2876503  -0,7260961  
-0,0920835 0,07725177 -0,1296703 0,70991686 0,3206317  -0,7242546  
0,1417817 0,00479691 -0,1893701 -0,6874032 0,3449362  -0,7176165  
-0,007657 -0,0129291 -0,2160562 1,30032266 0,3592446  -0,6270163  
0,02964846 0,04371238 -0,2115864 0,40027358 0,3626903  -0,4740404  





-0,0325366 -0,0129799 -0,1364165  0,3360758  -0,4169609  
-0,0793377 -0,0131099 -0,0857263  0,3069010  -0,3573622  
-0,0920835 0,04764547 -0,0410454  0,2686298  -0,2977634  
0,1417817 0,02477063 -0,012286  0,2229983  -0,2381647  
-0,007657 -0,0679098 -0,0069135  0,1721753  -0,1503038  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
